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Schematics. PCB Layouts. FPGAs. 
OrCAD has what it takes to get the 
job done. Fast. 

OrCAD delivers the complete solution 
for all board, PLD and FPGA designs. Over 


the years more than 90,000 engineers have 


used OrCAD’s design tools, making them 
the world’s most popular EDA software. 
Today, OrCAD’s enhanced 386+ software 
quickly handles your most complex 
designs, and gives you the fastest graphics 
of any PCB design tool. What’s more, you 
can now design with OrCAD in a DOS 
session under Microsoft Windows. All this, 
plus a one-year product warranty, makes 
OrCAD the best value in PCB design 
solutions. From Start to Finish. 


Speed your boards from Concept to 
Production. 

Start with the enormous capacity of 
OrCAD’s SDT 386+ schematic capture 
tool. Couple it with our powerful PCB 
386+ layout solution to reduce your 
design cycle time. PCB 386+ gives you 
superior functionality, with over 1,000 
footprints, automatic footprint generation, 
and on-line all object editing. And PCB 
386+ boasts an embedded, 100% 
completion autorouter that tops all other 
PC-based solutions. OrCAD delivers all 
this, plus, you’ll finish your design with 
complete manufacturing output. 


Target virtually any FPGA device with 
OrCAD’s new PLD 386+. 


Capture your design in OrCAD schematics, 
OrCAD Hardware 
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( Top) Combine SDT 
sae =. 386+ and PLD 386+ to 
one cain | design your boards 
= poe | and the programmable 
logic devices that 
populate them. 

( Left) Design 
verification is fast and 
easy with VST 386+. 
And, it’s supported by 
Xilinx, Actel, and other 
major FPGA vendors. 
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Description Language, or both. The multi-level synthesis capability of 
OrCAD’s PLD 386+ 2.00 rapidly compiles your largest FPGA designs. And it 
delivers greatly expanded device support, including: Actel, Intel Flexlogic, 
Xilinx 2000, Xilinx 3000, Xilinx 4000, Xilinx EPLDs, AMD MACH, AMD 
MACHKXL, Lattice PLSI, Texas Instruments, and many others. Finish your job 
with speed and accuracy using VST 386+ to verify the timing of your placed 
and routed design. 


See how you can do your whole job faster and easier. 
Call for a free demo disk and try our complete solution — 
Start to Finish. For your copy or for product information 


and pricing, call OrCAD DIRECT at (800) 671-9505. 
CIRCLE NO. 82 


9300 SW Nimbus Ave. ¢ Beaverton, OR 97005 © (503) 671-9500 © (503) 671-9501 - Fax 


96, rue St. Charles ¢ 75015 Paris, France ¢ 33-1-45 75 50 00 © 33-1-45 77 82 89 - Fax 
OrCAD is a registered trademark of OrCAD, Inc. Other brand and product names are trademarks of their respective owners. 
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facts by FAX: 1-708-391-0894 I'd like information on other Littelfuse Surface Mount products. 


Check the surface mount fuses you’re interested in and fax — Name: 
us this ad and the following information. In minutes, we’ 


; C Name: 
fax you back the information you want. ompany Name 


Company Address: 
City: State: 


Your return FAX: 


Company phone #: 
NANO’ and PICO® SMF 1206CaseSMF Nanofuse™ 250 Volt — 
Fuseholder  3/8-5A Fast-Acting 1/16-15A Flat Pak™ Application needs: 
3/8-5A 125V 2/10-2A 125V, 60V,32V— 4-5A 
125V 32V 250V 
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the worlds largest selection 
2KHZ to IOGHZ from $2°° 


With over 300 standard models, from 2-way to 48-way, 0° 90° and 180° 

90- and 75-ohms, covering 2KHz to 10GHz, Mini-Circuits offers the world’s 
largest selection of off-the-shelf power splitter/combiners. And, with rapid 
turnaround time, we'll also supply “special” needs, such as wider band- 
width, higher isolation, lower insertion loss and phase matched ports. 

Available for use in military and commercial requirements, models 
include plug-in, flat-pack, surface-mount, connectorized standard 
and custom designs. New ultra-miniature surface mount units 
provide excellent solutions in cellular communications, GPS 
receivers, Satcom receivers, wireless communications, and 
cable systems. 

All units come with a one-year guarantee and unprecedented 
“skinny” sigma unit-to-unit and production run-to-production run 
repeatability. All catalog models guaranteed to ship in one week. 
Mini-Circuits...dedicated to exceed our customers’ expectations. 


finding new ways ... 


Setting higher standards 
| E: 


ork 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM « MINI-CIRCUITS’ 740- pg. HANDBOOK. 
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ore Analyzers than a 
psychiatrists convention. 


Sometimes finding that certain 
piece of test equipment can drive you 
nuts. Fortunately, GE Rental/Lease has 
an expanded inventory of analyzers 
and other test equipment available for 
rent, lease or purchase. 

Spectrum analyzers, logic analyzers, 
scalar network 
analyzers, distortion @ 
analyzers, power/ 
quality analyzers, 
dynamic signal 
analyzers. They're 
all here, along 
with 120,000 
other pieces of 
equip ment, 
including trusted brands like 
Hewlett-Packard, Tektronix, Dranetz and 
BMI. Easy to find in our new catalog and 
ready for fast, overnight delivery. 

And all backed by a seasoned team 
of technical specialists, a quality program 
registered to ISO 9002, and an exclusive 
Customer Service Guarantee: If for any 
reason you're unhappy with your rental, 
simply dial 1-800-GE-RENTS and ask for 
a Customer Service Representative. If we 
cannot make it right, your rental will be free. 

Tired of searching for the answers 
to your test equipment problems? Call 
1-800-GE-RENTS. And find the peace 
of mind youre looking for. 


GE Rental/Lease 


Test Equipment & Workstations 


A GE Capital Company 
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On the cover: Thanks largely to easy- 
to-use design tools, fuzzy logic is help- 
ing engineers build complete embedded 
systems. See our Special Report, 
beginning on pg 50. (Photo courtesy 
Intel Corp) 
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build embedded systems 50 


Fuzzy logic is slowly catching on, and fuzzy design tools are get- 
ting better: They don’t just help design fuzzy logic, they let you cre- 
ate complete embedded systems.—Gary Legg, Senior Technical Editor 


Fuzzy-logic design tools help 
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Asynchronous conversion thwarts 

incompatibility in sampling A/D systems 83 
By using asynchronous sample-rate conversion, you can eliminate 

the problem of repeated or dropped signals that can occur when 


interconnecting systems with incompatible clock rates. 
—Robert Adams, Analog Devices Inc 


Electromagnetic theory imposes 
constraints on pc-board design 93 


An understanding of electromagnetic effects often leads to a 
better pc-board design than prototyping and debugging in the lab 
using traditional rules of thumb.—Gregory S Seltzer, Mentor 
Graphics Corp, and Reza Ahy and Monica Razmi, Stanford-Berkeley 
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ATMEL FPGA IS AS 
VERSATILE AS MADISON 
SQUARE GARDEN 


Cache Logic™ capability opens design 
architecture while reducing part count 


Most systems contain millions of gates of logic but use 
only a small fraction of them at any given moment. 
Meanwhile, the unused circuits still draw power and waste 
space while they wait to perform the one operation for 
which they are programmed. 

When energy efficiency and compact size are just as 
important as speed, Atmel’s AT6000 Series field program- 
mable gate arrays (FPGAs) provide the reconfigurable 
hardware solution. With Atmel FPGAs, designs that use 
only a small amount of the entire system’s logic at any 
point in time no longer need all the logic to be physically 
on the board. 


THE VIRTUAL TIME-SHARE LOGIC CENTER 


Imagine an FPGA that works like Madison Square 
Garden. This major metropolitan convention center capi- 
talizes on every square foot of real estate by hosting many 
unrelated events in the same meeting areas each day. 
Management shuffles one group out of a room, rearranges 
the furniture, and brings in the next group so efficiently 
that each group is oblivious to the next. With Atmel 
FPGAs, your support logic can work the same way. 

The AT6000 Series’ unique Cache Logic capability 
means that logic gates can be time-shared like the meeting 
space in an event center, so functions get out of the way 
when you don’t need them. As a virtual time-share logic 
center, an AT6000 FPGA can be reconfigured to perform 


 ATMEL’S ATGOOOs ARE THE ONLY 


one special task after another in real time, while inactive 
operations wait in a single, low-cost media such as an 
EPROM or hard disk, so you make the most of every square 
millimeter of your board. With Cache Logic, a conven- 


ADAPTIVE HARDWARE DESIGN 


AT6000 FPGA Reconfiguring While Operating 


Configuration Memory 


Inactive Tasks 
Active Tasks 
Unused FPGA Resources 


tional 25,000-gate design that needs only 5,000 gates at 
any given machine cycle can use a less expensive 5,000- 
gate AT6005 and store the idle 20,000 gates for later use. 
Only a fraction of the circuit is active at any given time, 
and only the functions that are currently loaded in the 
FPGA cache consume logic real state and power. 

For example, parallel port drivers or serial bus interfaces 
no longer have to waste space and power waiting on the 
infrequent modem transfers for which they are intended, 
and logic operations in the data path are loaded only when 
the CPU accesses ROM. Hardware subroutines or macro 
functions can also reside in less expensive system memory 
until they are called. 


CACHE LOGIC IS POSSIBLE ONLY 
WITH ATMEL 


AT6000 FPGAs provide the density and performance of 
custom gate arrays without the prototyping and debugging 
delays associated with mask-programmed devices. And 
unlike other SRAM FPGAs, which lose register contents 
while the entire chip shuts down for reconfiguration, 
Atmel’s AT6000s are the only FPGAs whose inactive 
regions can be fully or partially reprogrammed down to the 
cell level on-the-fly, in real time, without disrupting the 
register states, logic configuration, clocking, or I/O in 
active cells. 


To receive a free demo disk and literature packet 
explaining more about Atmel’s FPGAs with Cache 
Logic, call 800-365-3375 extension 694. 


Atmel and Cache Logic are trademarks of Atmel Corporation 1994. 
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Analog HDLs advance speed 


and enhance modeling flexibility 37 


Analog HDLs have been commercially available for years, but 
their acceptance in mainstream analog and mixed-signal design 
may coincide with an industry-standard language—or two. 
—Doug Conner, Technical Editor 


EDITORIAL 


of the third kind — 31 


Reverse-engineering has a bad name. But, like most other things 
in life, this practice is neither all black nor all white. 
—Steven H Leibson 
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Squeeze the most 
out of your design cycle. 


You know time is money. And at Texas 
Instruments, we can help you speed your product 
to market. Meaning you are free to do what you do 
best — create the next breakthrough products. 


Be first to market with leading-edge 
designs. From notebooks and PDAs to wireless 


communications and multimedia, you can 


harness the power of TI’s DSP solu- 
tions, low-power 486 

microprocessors and . 
mixed-signal devices to 
design unique products 
fast. Our industry-leading 
TMS320 DSP family offers a 
road map with the flexibility of 
software-programmable solutions 
that can migrate into highly 
integrated, custom DSPs that 
deliver cost-effective high 
performance. And compatible 
logic families and memory 
devices also help you move your 


designs easily from 5 V to 3 V. 
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Technical support that gets you up to speed, 
fast. Move quickly from selection to prototype with 
clear, concise technical information and real-world 
application notes. And C compilers, emulators, devel- 
opment tools, behavioral models and SPICE rules can 


help you create DSP solutions in record time. 


Setting the benchmark: A 94% on-time 
delivery record. At TI, we deliver what we promise. 
So you wont be left waiting for your ICs to arrive. In 
fact, in an expanding market, we set an industry 
benchmark by having a 94% on-time-to-commit- 


date delivery record. 


Win the race to market. Getting to 
market faster with a better product. 
That’s what business is all about. And 
with TI, youll find a unique blend of silicon, 
support and service. We call 
it Total Integration.” You'll 
call it your competitive 
edge. To find out more and 
receive a free subscription 


to Integration, simply call 


1-800-477-8924, ext. 3922. 


Y@)-U -R 
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Introducin 


P. The embedded Intel386™ EX processor. 


We asked you what you wanted in 
an embedded processor, and your sug- 
gestions truly hit home. The result is 
the embedded Intel386™ EX processor. 

* The first and only PC-compatible 386 
that” S nies for embedded designs. 
The integrated Intel386 EX processor offers power 
management and low-voltage operation for portable 
applications. It also increases your design flexibility by 


© 1994 Intel Corporation. *Third-party trademarks are the property of their respective owners. 
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for embedd 


allowing you to configure its on-board peripherals 
according to your own specifications. 

For example, the Intel386 EX processor can be pro- 
grammed to provide DMA-supported serial transfers to 
reduce the CPU load. Its Chip Select unit eliminates 
the need for external logic with address decoding, 
wait-state generation and ready-logic on chip. And its 
enhanced external bus supports dynamic bus sizing to 
interface with 8- and 16-bit peripherals. 

And designing with an embedded Intel386 processor 


custom built: 


ad applications. 


. Embedded Intel386™ EX 
couldn't be easier. The off-the-shelf tools Processor Bleck meta 


and support of the PC architecture will 
allow you to get your designs out more 
quickly, and differentiate them with famil- 
iar interfaces like DOS and Windows’ 

Dial the FaxBack“ service at 
1-800-628-2283, cat. #2312 to get addi- 
tional information about the embedded 
Intel386 EX processor. Or contact your 
distributor to receive Intel386 EX processor 


CIRCLE NO. 79 


samples or to get current pricing of 
Intel386 SX and DX processors. 

Move into an embedded Intel386 EX 
processor. Because when you want a 
solution that’s optimized for embedded, 
nobody else is even in the neighborhood. 


intel. 
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as fine as 0.025’ 
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High-density design is a world 
unto itself — a world with tight 
corners, low ceilings, and shrink- 
ing floors. Living there on today’s 
budgets and schedules can be a lot 
easier with help from the experts. 
In interconnects, that’s us. 
Because every design is unique, 
we'll show you all the options. We 
can guide you through the 
good and bad of each 
— with an eye on sys- 
tem performance, man- 
ufacturability, and cost. 
We'll show you all the choices 
you have, too, in socketing, I/O, 
and board-to-board interconnects. 
With systems that range from the 
conventional (().050” and 2mm cen- 
ters) to the sublime (our “finest” 
connectors offer redundant contact 
on board pads 0.015” wide, on 0.025” 


We'll make sure the system you 


work with can meet tight electrical 


For more information, call our Product Information Center at 
1-800-522-6752 (fax 717-986-7575). AMP, Harrisburg, PA 
17105-3608. In Canada, call 905-470-4425. 
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centers, with non-critical alignment). 


characteristics as well as tight 
space limitations. 

And we'll show you how the sys- 
tem you choose will fit successfully 
into production. With the packag- 
ing you need. The tooling and 
feeder modules you need. And 
the support you need in training 
and maintenance. 


i : a ae 


Need more help? We supply full 
technical information, catalog 
sheets, and 2D and 8D models of 
many product lines to shorten 
your design cycle. And we can 
provide design services, build 
your subsystems, or even fabri- 
cate all of your product for you. 


AMP and AMPLIFLEX are trademarks. 


ur new RF products 


measure up to tough standards. 
Most of all, yours. 


tne BAO Gage REGS ape 


If you're racing to keep pace with new test 
and measurement requirements, relax. You’ 
have more time for solving real problems 
with our new RF lineup. Because we 
meet your needs like never before. 
Here’s why. We've partnered with two 
other leading manufacturers of T&M equip- 
ment used worldwide. Rohde & Schwarz 
in Europe. And Advantest in Japan. We 
distribute and support each company’s 
microwave and RF instruments here in 
the USA just like they're our own. 

Which means you can now turn to a 
single reliable source for all the equipment 
you need. Spectrum analyzers otfering 
unmatched value in every frequency range. 
Network analyzers combining leading tech- 
nology with low-cost automation. Signal 
sources to handle a wide variety of modu- 

lation formats. Even EMI solutions 
to meet all certification as well as 
pre-compliance testing needs. 
These are proven tools in the 
aerospace, defense and communications 
industries. In RF test. And in everyday 
service. Suffice it to say they meet a Ic 
of tough standards. Including yours. 
Take the measure of our new RF 
lineup: for a free selection guide with key 
specifications, call 1-800-426-2200, 
Ext. 203. 
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Verification tools, merger shift DAC spotlight from ESDA 


The highlight of last year’s Design 
Automation Conference (DAC) was 
electronic system-design automation 
(ESDA). However, ESDA was almost a 
no-show at this year’s conference, held 
last month in San Diego. Instead, veri- 
fication tools, such as model verifiers, 
emulators, and rapid prototypers, took 
center stage. 

Last month, Cadence Design Systems 
acquired Redwood Design Automation 
which had merged with Comdisco Sys- 
tems. The two companies will operate 
as the Alta Group, a business unit of 
Cadence. Redwood was a star of last 
year’s show for software that merged 
the high-level design of hardware and 
software systems. While Redwood 
showed its capabilities at this year’s 
DAC, rumors surfaced that the compa- 
ny’s investors hastened the sale. The 
investors feared that the ESDA market 
would fail to materialize before a flood 
of ESDA start-ups saturated the 
nascent market. 

Among the announcements that 
made verification the theme of DAC was 
one from Synopsys. The company, in 
cooperation with Intel Corp, will offer 
synthesizable peripheral-component- 
interconnect (PCI) controller modules 
that you can use as building blocks in 
ASIC designs. Available in the fourth 
quarter of this year, the PCI Design 
Kit will include the synthesizable PCI 
controller module, a PCI bus interface 
model for system verification, and the 


PCI test suite to check a design’s com- 
pliance with test protocols. 

Several vendors presented verifica- 
tion tools at DAC. For example, elec- 
tronic-design-automation start-up 
Chrysalis introduced its Insight series 
of state-machine and data-path analysis 
tools. IBM’s Altium Co, previewed 
BoolesEye ($30,000), a formal verifica- 
tion tool that mathematically compares 
register-transfer-, gate-, and transis- 
tor-level circuit descriptions. 

Another start-up, Arkos Design Inc, 
premiered an early version of its Pega- 
sus IC-emulation system. Unlike previ- 
ous emulators, Pegasus uses an array of 
64 custom ASICs that can be pro- 
grammed to emulate as many as 
200,000 gates (about $115,000). A 
25,000-gate system is also available. 
According to Arkos, the ASIC-based 
approach reduces the time to compile a 
design to one hour compared with five 
to 10 hours using field-programmable 
gate arrays (FPGAs). 

Aptix showed its Explorer series of 
emulators that combine FPGA- and 
programmable-interconnect-based cir- 
cuit emulation with the ability to accept 
components and subsystems, such as 
microcontrollers, memories, and 
peripherals, on the emulator. The 
result is a family of flexible emulators 
that run as fast as 50 MHz, with prices 
starting at $40,000. 

Zycad and Quickturn introduced 
rapid-prototyping systems. Although 


System offers voice-activated navigation 


Lernout & Hauspie Speech Products, a 
developer of multilingual voice-input 
and -output technologies, has signed a 
licensing agreement with Amerigon 
Inc, a worldwide provider of automo- 
tive electronic components. Under 
terms of the agreement, Amerigon will 
incorporate Lernout & Hauspie’s inte- 
grated-alphabet and isolated-word 
speech-recognition technologies in 
AudioNav, Amerigon’s voice-activated 
audio-navigation system. 

The technology allows AudioNav 
users in automobiles—traveling as fast 
as 60 mph and with closed or open win- 
dows—to “speak” to the system and 
obtain directions to their destinations. 


emulators allow you to debug a model 
via programmable access to internal 
nodes, rapid-prototyping tools verify 
designs by allowing you to plug the 
model in to the target system. Zycad’s 
250,000-gate Paradigm RP (about 
$50,000) includes software to map your 
design onto Altera FPGAs, which are 
embedded in the Paradigm RP, or onto 
custom prototype hardware. Quick- 
turn’s Logic Animator ($90,000) accom- 
modates subsystems and cooperates 
with logic analyzers to produce a proto- 
type you can use to debug your sys- 
tem.—by Michael Markowitz 
Alta Group, Foster City, CA, (415) 
574-5800. Circle No. 410 
Altera Corp, San Jose, CA, (408) 894- 
7110. Circle No. 411 
Altium Co, San Jose, CA (408)534- 
4100. Circle No. 412 
Aptix, San Jose, CA, (408) 428-6200. 
Circle No. 413 
Arkos Design Inc, Scotts Valley, CA, 
(408) 461-8100. Circle No. 414 
Cadence Design Systems Inc, San Jose, 
CA, (408) 943-1234. Circle No. 415 
Chrysalis, Andover, MA, (508) 475- 
7700. Circle No. 416 
Intel Corp, Santa Clara, CA, (408) 
987-8080. Circle No. 417 
Quickturn, Mountain View, CA, (415) 
967-3300. Circle No. 418 
Synopsys, Mountain View, CA, (415) 
962-5000. Circle No. 419 
Zycad, Fremont, CA, (510) 623-4400. 
Circle No. 420 


Midieeer ree. 


Amerigon will incorporate Lernout & Hauspie’s integrated-alphabet and isolated-word 
speech-recognition technologies in AudioNav, Amerigon’s voice-activated audio-navigation 
system. The system comprises a small electronic module and a microphone, which connects 
to a compatible audio CD player. The CD contains operating software, map data, and speech- 


recognition software. 


EDN July 21,1994 = 15 


EDN-NEws BREAKS 


The system comprises a small electron- 
ic module and a microphone, which con- 
nects to a compatible audio CD player. 
The CD contains the operating soft- 
ware, map data, and speech-recognition 
software. The system aims at replacing 
expensive, awkward, and potentially 
dangerous keyboards and display mon- 
itors. The technology can work with 
many low-cost, general-purpose DSPs, 
including the Analog Devices AD210X 
that AudioNav uses. 
—by Fran Granville 
Lernout & Hauspie Speech Products, 
Woburn, MA, (617) 982-4118. 
Circle No. 421 


DEC renames business 
storage unit to target 
desktop industry 


In a move that reflects the changing 
market for disk drives, Digital Equip- 
ment Corp has changed the name of its 
OEM storage-business unit and has 
introduced its first drives that are 
intended primarily for desktop comput- 
ers. Avastor, the new business and 
brand name, distinguishes Digital’s 
OEM storage business from the compa- 
ny’s more prominent systems business, 
according to Marketing Vice President 
Jack Sharp. Three new disk drives 
bearing the Avastor brand, one of which 
uses magneto-resistive (MR) heads, 
answer desktop computing’s increasing 
need for higher capacity and higher 
performance drives, Sharp says. 

The new drives—all in the 3.5-in., 1- 
in.-high form factor and ranging in 
capacity from 550 Mbytes to 2.2 
Gbytes—do not indicate DEC’s move- 
ment into the desktop market, accord- 
ing to Sharp, as much as they reflect the 
desktop market’s movement into DEC’s 
areas of strength. According to market- 
research company Dataquest, standard 
desktop systems running data-inten- 
sive applications, such as multimedia 
and desktop publishing, will offer 540 
Mbytes of storage by year-end and 1 
Gbyte in 1995. Disk drives from Avas- 
tor have targeted the high-capacity, 
high-performance market segments 
since the business unit was formed in 
1991. Until recently, however, most of 
those drives have found use in larger 
systems, such as servers. 

The three introductions from Avas- 
tor, the Capella series, provide short 
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seek times, fast data-transfer rates, 
and high reliability. Capella 3221, with 
MR heads and 2.2 Gbytes of capacity, 
has a seek time of 8 msec and a data- 
transfer rate of 7.5 Mbytes/sec. The 
other two drives—Capella 3110 (1.1 
Gbytes) and Capella 3055 (550 
Mbytes)—have seek times of 8.5 msec 
and data rates of 5.2 Mbytes/sec. MTBF 
is 800,000 hours for the 3221 and 
700,000 hours for the other two drives. 
All of the drives operate at 5400 rpm, 
less than the 7200 rpm of Avastor’s 
highest performance drives. The two 
lower capacity drives, Capella 3110 and 
3055, will be available in the third quar- 
ter at single-unit evaluation prices of 
$1125 and $765, respectively. Avastor 
expects the Capella 3221 to be available 
in the fourth quarter for a single-unit 
price of $1720.—by Gary Legg 
Avastor, Shrewsbury, MA, (800) 377- 
3475. Circle No. 422 


New group addresses 
PCI passive backplane 


Four industrial-computer manufactur- 
ers have formed a technical and mar- 
keting consortium that will define a 
specification for PCI-based passive 
backplanes and CPU cards for indus- 
trial PCs. The specification will facili- 
tate plug-and-play compatibility of 
vendors’ components and will assist 
migration from ISA- to PCI-based 
industrial PCs. 

Charter members of the PCI Indus- 
trial Computer Manufacturers Group 
(PICMG) include I-Bus PC Technolo- 
gies, Teknor Microsystems, Texas 
Microsystems, and Trenton Terminals. 
The four companies are recruiting 
other manufacturers to help formulate, 
review, and comment on the specifica- 
tion. The PCI standard, which Intel 
developed, includes specifications for 
motherboard-based PCs. It does not 
include passive-backplane systems, 
which commonly find use in industrial 
settings.—by Gary Legg 

I-Bus PC Technologies, San Diego, 
CA, (619) 974-8472. Circle No. 423 

Teknor Microsystems Inc, Montreal, 
PQ, Canada, (514) 487-5682. 

Circle No. 424 

Texas Microsystems Inc, Houston, 
TX, (713) 541-8200. Circle No. 425 

Trenton Terminals Inc, Duluth, GA, 
(404) 381-6031. Circle No. 426 


Tl aims DSPs at growing 
hard-disk market 


Texas Instruments, the dominant sup- 
plier of DSPs for use in hard-disk dri- 
ves, has announced that it intends to 
maintain its leadership by combining 
the functions that are now implemented 
in separate DSPs, ASICs, and linear 
devices into single chips. Although 
DSPs go only in disk drives of the high- 
est capacity and performance, TI Hard- 
Disk Strategy Manager Alex Gorjanc 
says DSP functions will migrate down- 
ward into drives that are less than state 
of the art. DSP usage in disk drives will 
triple in three years, Gorjanc predicts. 

DSPs find their calling in the control 
algorithms that are essential in disk 
drives with multiple platters, high 
speed (6400 to 7200 rpm), and high 
capacity (1 Gbyte or greater). Their 
processing power is necessary for 
sophisticated servo control that takes 
into account such factors as head accel- 
eration and deceleration, resonance, 
and thermal variation. But servo con- 
trol uses only about 15% of a DSP’s pro- 
cessing power, Gorjanc claims, leaving 
85% for other functions, some of which 
conventional microcontrollers now per- 
form. The ability of DSPs to take on 
new functions and to eliminate the need 
for a separate microcontroller practi- 
cally guarantees an increased role for 
DSP in an increasing number of drives, 
Gorjanc says. 

TI’s DSP strategy for disk drives, 
according to Gorjanc, is to reduce costs 
to disk-drive manufacturers with sin- 
gle-chip offerings that provide as much 
capability as the manufacturers need, 
but no more. TI will provide various 
levels of customization to suit require- 
ments for unit cost and development 
time.—by Gary Legg 

Texas Instruments Inc, Dallas, TX. 

Circle No. 427 


Servo motor acts 
as drop-in stepper- 
motor replacement 


The ServoStepper brushless servo 
motor for OEMs offers servo perfor- 
mance at open-loop microstepper 
prices. The ServoStepper, designed as 
a drop-in replacement for stepper sys- 
tems, provides better stiffness than a 


Seems you're speng 


| ANNOUNCING THE AD420, THE FIRST SINGLE CHIP 4 
4-20mA CURRENT-LOOP OUTPUT DAC. | 


hy spend valuable GUARANTEED PERFORMANCE 


time and money Our new AD420 provides you 


designing 4-20mA with complete functionality plus 3 Suan ee SOIC 


minimizes board space 


driver circuits for 
your industrial control 
system? 


Analog Devices’ new 


AD420 DAC does it for 
Complete 
you. It’s the only DAC single chip 
solution 
that takes serial informa- provides 
di Iv f lowest total 
tion directly from your cost per 
output 
controller and converts it prey 


into a 4-20mA or 0-20mA output. 
And since the AD420 is a single 

chip solution, you can reduce your 

I/O footprint or add more chan- 


nels in the same board space. 


| guaranteed performance over 


the full industrial temperature 
range. So you can spend time 
designing systems, not circuits. 
The AD420 is the first in a new 
family of industrial DACs from 
Analog Devices. Its advanced 
sigma-delta technology actually 


delivers 16-bit ¢ Complete 4-20mA 


output channel 


monotonicity ; : 
¢ SPI®° and MicroWire® 
for 30% less compatible serial 
interface 
than you’d ° Loop—fault detection 


capability 
pay for 12-bit | + 16-bit monotonicity 
¢ $10 in 1000stT 


accuracy. 


per channel. 


CALL NOW FOR A SAMPLE 
Get the full story. Call today and 
we'll rush you a 

sample and 


complete technical 


information. Just dial 


Fully tested, 
guaranteed 
performance over 
the full industrial 
temperature range. 
Available in 24-pin 
SOIC and PDIP. 


1-800-ANALOG-D 
(262-5643). Or fax 
your request to 


617-821-4273. 


ANALOG 
DEVICES 


Analog. Digital. Solutions. 


Analog Devices, Inc., One Technology Way, P.O. Box 9106, Norwood, MA 02062-9106. Distribution, offices and application support available worldwide. 
All trademarks and registered trademarks are property of their respective holders. tUSD, 1,000-Up, Recommended Resale, FOB USA 
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stepper because its dead band is small- 
er, and it provides a constant restoring 
torque for errors in shaft positioning. A 
stepper motor’s restoring torque is 
sinusoidal, which can be negative for 
large position errors and can cause the 
stepper to lose steps. 

The ServoStepper employs a DSP 
core for motor control. Proprietary 
embedded software can execute complex 
functions, such as input filtering, PIV 
and feed-forward algorithms, vector 
commutation, and output filtering. In 
addition, the ServoStepper has two to 
five times the power of a stepper motor. 
The result is a 26 to 71% improvement in 
throughput. Bundled packages, which 
include a drive and a brushless motor 
delivering 160 to 600 oz-in. of torque and 
as much as 24 hp, range from $529 to 
$699.—by John Gallant 

Teknic Inc, Rochester, NY, (716) 546- 
e212, Circle No. 428 


MicroTouch offers 
touchscreen with 
privacy shield 


MicroTouch Systems Inc has an- 
nounced the PrivacyTouch sensor, a 
privacy-shielded touchscreen for trans- 
action-based kiosks and automatic 
teller machines. With the sensor, users 
can view on-screen data from directly 
in front of the terminal; bystanders see 
only a blank screen. The sensor com- 
prises an integrated, all-glass capaci- 
tive touchscreen bonded to a light-con- 
trol filter. The filter comprises 
plastic film containing closely spaced, 
black vertical microlouvers that simu- 
late a tiny Venetian blind. The louvers 
prevent users at the side of the termi- 
nal from viewing the emitted light from 
the CRT display. Samples of the sys- 
tem, including a sensor and a controller, 
cost $995 each.—by Fran Granville 
MicroTouch Systems Inc, Methuen, 
MA, (800) 642-7686. Circle No. 429 


Utility company will use 
Intellon components 


Integrated Communications Systems 
Inc, Atlanta, will use Intellon Corp’s 
CEBus-compliant products as the basis 
for American Electric Power’s (AEP) 
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remote electric meter-reading and elec- 
tric energy-management systems. 
Early next year, the utility company 
will begin to install the Transtext 
advanced energy-management system 
in 25,000 homes in Indiana, Kentucky, 
Michigan, Ohio, Tennessee, Virginia, 
and West Virginia. 

Using Intellon’s spread-spectrum- 
carrier technology, the AEP systems 
allow residents to control central 
heating and cooling systems, electric 
water heaters, and appliances. Resi- 
dents will be able to respond to chang- 
ing price signals that reflect the utili- 
ty’s costs of producing and providing 
electricity.—by Fran Granville 

Intellon Corp, Ocala, FL, (904) 237- 
7416. Circle No. 430 


Neural-net OCR 
reduces production 
costs of electronics 


The ID-2020 optical-character-recogni- 
tion (OCR) system, a neural-network- 
based, omnifont system, reduces the 
costs of identifying, setting up, and 
reworking assembly errors for elec- 
tronics manufacturers. 

The device comprises an 80486 PC 
host, a 700-MIPS image processor, an 
image-processing library, and pre- 
trained neural networks for recogniz- 
ing generic industrial markings. The 
neural networks combine feed-forward, 
back-propagation-of-errors, and radial- 
basis methods into three parallel net- 
works. Each network makes its best 
guess of a character, including a confi- 


dence level. The device costs $15,999. ° 


—by Fran Granville 
Identek Corp, Orange, CA, (714) 633- 
1431. Circle No. 431 


Alliance broadens digital 
video transmission 


Communications giant Scientific- 
Atlanta Inc and IC developer Broadcom 
Corp have banded together to develop 
ICs that multiply the number of video 
signals an analog channel can carry. 
The alliance’s 256 QAM chip set can 
send 8 bits of digital data for every 
hertz of a channel’s analog bandwidth 
by using quadrature amplitude modula- 


tion (QAM). The result is that a stan- 
dard 6-MHz analog cable video signal 
can carry 40 Mbps of digital data, 
enough for more than 25 MPEG-com- 
pressed digital video signals. 

The alliance has demonstrated its 
chip set and has been conducting field 
tests with Time Warner Cable in Orlan- 
do, FL. Features of the set include all- 
digital intermediate-frequency data 
demodulation, signal acquisition within 
100 nsec, immunity to phase noise and 
microphonics, and an ability to track 
through instantaneous changes in 
transmission characteristics. The 
alliance plans to offer the chip set for 
sale when fully released. 

—hby Richard A Quinnell 

Broadcom, Los Angeles, CA, (310) 
433-4490. Circle No. 432 

Scientific-Atlanta Inc, Atlanta, GA, 
(404) 903-6306. Circle No. 433 


Allegra restos lac  Sefere 
seven product families. The fami 

lies comprise 21 power multichip 
modules that handle up t tol kW. The > 
company claims this is 100 times the - 
processing oe of conventional 


res Inc, Worcester, MA, 
eee 853-5000. | Gide No. 434 


MIT 3 issues ‘software’ ‘codes for. 
“Internet privacy. The Massachu- 
setts Institute of Technology is- 
offering for noncommercial use a 
free public software package that 
allows users to send private coded 
messages on electronic networks in > 
the United States. The software, - 
PGP (for “pretty good priva . 
version 2.6, uses 


Security Inc, Hed wood City, CA. 
The system lets users sign mes- 
sages in an unforgeable way and to 
send confidential messages that only 
the intended recipients can rea 
without any need to exchange secret 
keys beforehand. Massachusett: 
Institute of Technology, Cam- 
brdsy, | MA, oD 253-2700. 


We could never measure up to — 
our success with LITTLE FOOT 
SO we decided to go 
for something smaller. 
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Introducing LITE FOOT. 
Everything you like about 
LITTLE FOOT power 
MOSFETs, only smaller. 


| 
LITTLE FOOT 


| 
Pay LITE FOOT 1.0mm 
LITE LITTLE LITE LITTLE 
FOOT FOOT FOOT FOOT | 


64mm 6.0mm 44mm 3.8mm | 


© SURFACE-MOUNT COMPATIBILITY 


© LOW ON-RESISTANCE | LITE FOOT 

© SMALL FOOTPRINT 3.0mm 

®¢ MINIMAL HEIGHT LITTLE FOOT 
4.8mm 
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LITE FOOT” is about half the 
size of LITTLE FOOT’, but 
delivers the same big benefits 
for space-sensitive and/or 
battery-operated applications. 


Siliconix, the pioneer in 8-lead 
SOIC power MOSFETs, has 
redefined the performance of 
ultra-miniature, surface-mount 
power. The result is a new family 
of n-channel and p-channel devices 
that delivers on-resistance as low 


as 50 mQ. Further, LITE FOOT 
features TSSOP surface-mount 
compatibility, and offers gate 
drive voltages as low as 2.7 V 
and currents as high as 4.2 A. 


In short, LITE FOOT is the smallest 
discrete power MOSFET in the 
world. It occupies only 6.4 x 3.0 
millimeters of board space. 

And at a remarkable 1.1 mm 
high, it’s the first power 


MOSFET thin enough So if your designs keep shrinking, 


to fit into any standard but your power management 
PCMCIA card. Even needs keep getting bigger, 
double-sided circuit LITE FOOT is the solution. 


boards are a snap. 

Contact your local TEMIC sales office, 
What's more, LITE FOOT’s __ or call 1-800-554-5565, ext. 931 
mini package maximizes —_ for a LITE FOOT design guide. 
power dissipation, too — 
over 1.5 W ina tiny 
8-lead TSSOP. But best of all, you 


don’t need an external heat sink —T ; r Cc oO rn : x 
other than the PC board itself. 
A Member of the 1 EMIC Group 


* On-Resistance shown at Vz = 10 V, 
except Si6433DQ shown at Ves = 4.5 V 


2201 Laurelwood Road, Santa Clara, CA 95054 Fax: 408-970-3995 

Members of the TEMIC Semiconductor Division: Telefunken Semiconductors, Siliconix, Matra MHS, Dialog Semiconductor 

TEMIC International Sales: UNIITED KINGDOM: 0344-485757. GERMANY: 0130 857 320. FRANCE: 1 30 60 70 00. ITALY: 02-332 121. 
SCANDINAVIA: 08-733 0090. SINGAPORE: 65-788 6668, ext. 249. HONG KONG: 852-3789 789. JAPAN: 3-5562 3321. 

LITTLE FOOT is a registered trademark and LITE FOOT is a trademark of Siliconix. ©1994 Siliconix. All rights reserved. 
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What’s the story on Toshiba? System solutions. 

It’s true. Nobody can add more value to your 
system more ways than Toshiba. From 32-bit RISC 
processors and design-defining ASICs to optimally- 
featured microcon- 
trollers, right 


down to multi-layer 


essential market differentiation. Then our visible laser 
diodes and photo interrupters can make light of it all. 

In an era of ever closer partnerships, our broad, broad 
line of semiconductors and ICs and our finely-honed 
system sensibilities 
give us a competitive 


advantage. More 


PCBs, we're Printed Circuit Pseudo SRAM Visible Laser Mask ROM ASIC importantly, 

: oe Board Diode ; 
definitely thinking they give you a 
“big picture” when competitive 


we look at your 


system plans. 


Logic Memory Car 


Let us prove 
the point using an up-to-date laser printer as just one 
example. You'll put our wide selection of DRAM densities 
and organizations to good use as main memory and 
soup-up performance using our SRAMs as buffer memory. 
We've got the MROM you need for code storage. And 


memory cards for fonts, buffers and custom options. 


ersion of ‘Toshiba’s system-smart story. 


We can provide the printed circuit board, too, along 
with a RISC-based CPU and microcontrollers for the print 
engine motor, glued together with our CMOS logic. Our 
finely-architected 250ps ASICs with up to 500,000 usable 


gates, provide a higher level of functional integration for 


DRAM Module 


advantage. By 


RISC helping you keep 


Microprocessor 


DRAM 
a lid on costs and 


get to market sooner. And when success arrives, 
Toshiba’s legendary manufacturing prowess assures 
you uninterrupted supply. 

Of course, your system’s quality is only as good as 
the sum ofits parts. So we take great measures to assure 
the highest quality components on the market today. 
We're proud of our ISO 
9000 certification in Japan 
and expect certification 
in the U.S. by year end. 
And we top it all off with an unrivaled customer story. 

End of story? No, that’s just the beginning. Call 
us today for all the ways we can make your next design a 
little more elegant, a little more effective and a lot more 


competitive. 1-800-879-4963. 


In Touch with Tomorrow 


TOSHIBA 


TOSHIBA AMERICA ELECTRONIC COMPONENTS, INC. 


Please call me, Circle No. 98 
©1993 Toshiba America Electronic Components, Inc. 


Send more information, Circle No. 99 


HDQ-92-073 
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TestPoint is a software tool 
for building test, measure- 
ment, and data acquisition 
applications for Windows. 
TestPoint lets you build com- L 
plete applications without draw- 
ing, connecting, or wiring icons 
or writing lines of code. 


New Capabilities 
TestPoint brings extraordinary 
capability to instrument control 
and data acquisition for the 
benchtop or production line. 
TestPoint's software func- 
tions can replace hard- 
ware functions worth 
thousands of dollars, 
provide new measure- 
ment capabilities and 
simplify testing. 


Better Tests 
Sharp graphics and clear indica- 
tors eliminate errors and improve 


accuracy. ® Data Acquisition 
Multitasking A/D, D/A, 

Cut Through the Paperwork Digital I/O 

TestPoint can "hot link" to your e Instrument Control 

spreadsheets, databases and IEEE-488, RS232, RS485 

word processing files so the e Analysis 

paperwork is done the instant the Mathematics, DDE 

test is finished. e Presentation 

There is no faster, better or Graphics Charts 

easier way to build applica- Displays File I/O 


tions. Guaranteed! 
TestPoint is a trademark of Capital Equipment Corp. 
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Development System $995 
Free Unlimited Runtime License 
Literature 1-800-234-4232 
Applications 617-273-1818 


Capital Equipment Corp. 
{ c 76 Blanchard Road 
Burlington, MA 01803 


Update your files 


In “Technique eases design of high- 
order PLLs” (EDN, June 9, 1994, pg 
172), the box “How to get a copy of the 
programs” lists an incorrect phone 
number. Phone (505) 678-5889 to 
receive copies of the programs. Or you 
can review a demonstration program by 
logging on to the EDN BBS: (617) 558- 
4241 with modem settings 300/ 
1200/2400 8,N,1. Access MS681Z.ZIP 
on the /freeware Special Interest 
Group. 


Expect success 


I’ve probably read several hundred 
EDN editorials, but the epistle “Raise 
your expectations” (February 3, 1994, 
pg 18) is the first one compelling 
enough for me to respond to in writing. 

Your editorial is exactly on target, 
and I expect that many engineers will 
relate to it from personal experience. 
The experience is certainly true in my 
case. 

Many years ago when I worked for a 
New Jersey communications manufac- 
turer, I was given the task of mating a 
new tone-coded squelch system with an 
existing two-way mobile radio system. 
The problem was that the mating could 
not be done internally in the mobile 
radio. The squelch system (a companion 
piece of equipment) had to interface 
with the mobile radio externally, and 
the only access was an octal connector 
on the rear panel and a microphone con- 
nect on the front panel. As I recall, the 
octal connector brought out several test 
points, including B+, ground, and 
detector audio. Seemingly simple at 
first glance, the required interface 
between the squelch system and the 
radio was actually a nightmare that no 
one had been able to solve—including 
the chief engineer and the company 
president, also an engineer. 

Despite previous lack of success, this 
proved to be my test case to see if I was 
really worth the big money the compa- 
ny had been paying me. The clear impli- 
cation was that I had better come up 
with a solution to the problem...or else! 
Because I was married and had two 
young children to support, the chal- 
lenge certainly raised my expectations. 

I spent three days (and a couple of 
long nights) doing nothing but drawing 
schematics, which I subsequently 


balled up and tossed into the wastebas- 
ket. At the end of the third day, I appar- 
ently understood all of the circuit 
nuances so well that a sudden aware- 
ness—possibly divine—led me to an 
interface solution that I knew would 
work. I spent the next two hours draft- 
ing a simply gorgeous schematic, which 
I then laid in front of the chief engineer. 
After perusing the drawing for about 
30 seconds, he ripped it off his desk and 
ran into the president’s office shouting, 
“Look what Dave did!” I not only got to 
keep my job, but I also received a $1000 
raise on the spot. Such largess in the 
early 1960s was quite a vote of confi- 
dence. 

My personal aside leads me back to 
your editorial. If I had simply been 
instructed to “see what I could do with 
the problem,” my expectations of suc- 
cess would not have been very high. 
Obviously, I had a very clear-cut goal. 
Not all goals carry such emotional bag- 
gage, but the premise is still valid. If a 
person or group is not expected to suc- 
ceed, the resulting effort is likely to 
fail. In a group situation, a collective 
expectation of success is needed, and 
the group leader must instill this 
expectation in each individual, along 
with a spirit of cooperation. 

The cases you cited in your editorial 
are excellent examples. I doubt that 
most viewers in the electronics world 
thought that the AppleIBM/Motorola 
consortium in particular would succeed 
with the PowerPC. Too many fingers in 
the pie, too many ideas, too many super- 
egos to reconcile, and only a short time 
to accomplish the objectives. The 
unquestionable success of the pro- 
gram—according to knowledgeable 
sources—is testimony to the cooperative 
effort and high expectations of success. 
Dave Pryce 
Seekonk, MA 


(Ed note: Dave Pryce, former EDN 
technical editor, retired from EDN in 
1998. 


Critique on 
programming criticism 


It isn’t often that I write in response to 
magazine articles, but this time I real- 
ly felt the need. The EDN Special 
Report “Diagrammatic programming” 


Serial/Parallel 
Conversion 
or Networks 


CY233 connects up to 255 computers, 
peripherals, or remote sites. Sv CMOS 
40-pin IC works with RS232/422 drivers. 
300 baud to 57.6K baud. Supports a 
token in Peer or Host ring LAN modes. 
Numerous other operational modes: 


Parallel to Serial 


Parallel TTL @ 
z 


Serial to Parallel 


Parallel Out, 
Seats 
CY233 


Strobes 
Host Ring 


& Mode 
Serial Ring Network with up to 255 Nodes 
or Stations (2048 I/O Lines) 


Party Lae 


Alternate Topology for 256 8-bit TTL Ports or 
2K I/O Lines 


Only $45 enchis lta Protge nme or 
LAN kits also avail. Call for free info or 
to order $10 manual. Credit card OK. 


Cybernetic Micro Systems, Inc 


PO Box 3000 @ San Gregorio CA 94074 
Tel: 415-726-3000 @ Fax: 415-726-3003 
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(January 6, 1994, pg 60) by Charles H 
Small left something to be desired in 
regard to the editorial quality I nor- 
mally associate with articles in your 
magazine, even when the articles leave 
your main domain of hardware to dip 
into software issues. 

Small’s obvious dislike of doing any 
text-based programming seriously 
questions the “facts” he presents in the 
article, which is unfortunate, because 
the topic is of interest not only to the 
intended target audience of hardware 
design engineers, but also to us pro- 
grammers. I believe that diagrammat- 
ic programming will be the program- 
ming method of the future, though it 
may take some time yet; but the need to 
enter some code manually, letter-by- 
letter, will probably never vanish. The 
“cause” of diagrammatic programming 
is hardly served by such articles: It is 
akin to reading an attack on “Wire-’n- 
Wrap” in Dr Dobbs Journal. 

Under the guise of objectivity, Small 
makes it quite clear that programming 
using textual entry is worth only con- 
tempt and somehow makes the connec- 


tion that “work like an engineer” implies 

doing entry via some graphic means. I 

imagine this statement will surprise 

some 99.9% of individuals claiming to be 
software engineers. Making the single 
conclusion that diagrammatic tools are 
always to be preferred to “hacking 
away” at “bottomless files” is somewhat 
naive. There are cases when one or the 
other is a better choice. 

And now for a few additional points: 

e “In diagrammatic programming, 
the ideal is the real; the documenta- 
tion is the program...” Sure, and 
“normal humans” can understand 
this documentation? 

e “Diagrammatic programming pro- 
duces comprehensible software 
because diagrammatic program- 
ming taps the unsurpassed creative 
and analytical power of the visual 
hemisphere of the human brain.” So 
which part is used for textual pro- 
gramming? Does this somehow 
mean that creative programming 
couldn’t be done until diagrammatic 
programming came along? 

e “Dead-code-removal” optimizations 


10,000 systems 


SCAN is a trademark of National Semiconductor. ©1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 
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26 = EDN July 21, 1994 


that delete complete functions/subrou- 
tines are normally performed by the 
linker, as the compiler works on one file 
at a time. Also, dead code doesn’t 
always come into existence due to acci- 
dents, as Small seems to think; don’t 
forget that such code is often left in on 
purpose by the programmer, eg, in the 
case of test code (which will probably 
be needed again...as most program- 
mers with some experience realize). 

e As far as I can determine, the dia- 
grammatic tools serve mainly to 
divide the “lists of unfathomable 
text” into little parts and thus 
should mainly be used as a naviga- 
tional tool or a structure enforcer 
(forcing the programmer/engineer 
to think about the code in advance), 
which can also be achieved through 
discipline. 

It would be interesting to know what 
kind of errors occur so frequently in 
large programs so that the error rates 
are in percentages. It certainly was a 
nice consideration to “grant the textu- 
ally minded their view.” One of the rea- 
sons that software design has to be dif- 


Use National’s SCAN" 
Bridge. Or cancel your 


plans for the weekend. 


National’s SCAN Bridge technology enhances the testa- 
bility of computing and communications systems. So 
you can improve manufacturability, shorten time to 
market, and lower product costs. All within a normal 
work week. SCAN Bridge is the first system 


test device to deliver 1149.1 signals across 


the backplane. When used with test programs from 

major ATPG suppliers, our silicon supports complete, 
system-level testability. For information and samples, 
call 1-800-NAT-SEMI, Ext. 301. Then start improving 


your yields — without yielding to overtime. 
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National 
Se@mtConwtecier 


ferent from hardware design is the con- 
stant need to adjust the software to 
hardware bugs/errors (in the real, not 
the ideal, world) that constantly pop up. 
Consider prototypes: How often does 
the hardware engineer resolder those 
two I/O wires that got mixed up or 
resolder that buffer to a noninverting 
one znstead of asking the software guy 
to fix it... You have to change only one 
line of text, anyway? 

As far as I am concerned, there are 
several hardware parts that display a 
behavior that would have been labeled 
as “bugs” in software (allowing access 
to registers only once every millisec- 
ond, metastability, and frequencies on 
DV supply). Another peculiarity of 
software is the relatively instant 
availability of fixes, whereas hard- 
ware often is plagued by n weeks of 
delivery time. 

The statement “in all the time text- 
based programmers have been hacking 
away, they’ve not been able to accumu- 
late the powerful mixture of art (prac- 
tice) and science” and that others have 
merely points out the lack of knowledge 


Small has in this area. As far as I know, 
nothing in hardware engineering com- 
pares with the gigantic public-domain 
libraries distributed all over the world 
(including shareware concepts). As for 
the accumulating part, it is simple to 
compare the number and complexity of 
utilities delivered with a modern oper- 
ating system with those from 10 years 
ago. Noting that some software still is 
full of bugs (where is the complex hard- 
ware that is still in use after 30 years?) 
makes me think of a peculiar property 
of hardware parts and designs, namely 


that of inexplicably ceasing to work 


after a random amount of time. 

Instead of filling these pages with 
comparisons to the biologist’s world or 
brick-building concepts, Small should 
have been more interested in examin- 
ing other concepts, such as learning 
curves, views of real programmers, and 
possible improvements to project- 
development times. Somehow, I get the 
impression that the singular goal of the 
article was to come down on textual 
entry itself. 

I don’t think EDN should lend itself 


to such attacks on the working meth- 
ods employed by an entire community 
of professionals. If, however, the 
intent was simply to publish a provok- 
ing article, you succeeded indeed. 
Apart from this article, keep up the 
good work. 

Lars Thuring 

Bad Bramstedt, Germany 


SCAN is a trademark of National Semiconductor. © 1994 National Semiconductor Corporation. NORTH AMERICA: P.O. Box 7643, Mt. Prospect, IL 60056-7643 
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National’s SCAN Bridge technology simplifies remote 
field-level testing. Hours of complicated board- 
swapping are replaced with one easy pro- 


cedure. Training and equipment needs are 


minimized. And service personnel spend less time 
enduring inhospitable locations. Our growing portfo- 
lio of IEEE-compliant boundary scan devices—along 
with test programs from major ATPG suppliers—sup- 
port complete, system-level testability. For information 
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OF our FastScan ATPG can handle a chip like this, 
just imagine what it will do for your ASIC or IC. 


Like every other product manufactured by Motorola, the PowerPC 603" 
family of microprocessors is subject to the company’s rigorous Six Sigma 
quality program. 

So, not surprisingly, testability was a major issue with the PowerPC 603 
family. Nothing but the best would do. 

No small task in a chip with over 1.6 million transistors. How do you get 
maximum fault coverage to ensure quality, yet minimize your test vectors to 
boost productivity? 

Simple. You turn to Mentor Graphics’ FastScan" ATPG, the test pattern 
generation tool now used by IC and ASIC developers throughout the world. 
In the PowerPC 603, FastScan not only produced maximum fault coverage 
with minimum vectors, it did so within an extremely tight design schedule. 

In fact, it performed so well, Motorola has selected it as the ATPG tool of 
choice for the entire PowerPC 603 family project. 

Better yet, FastScan is just one of our standard-setting tools that deliver a 
full-chip test solution for virtually any IC or ASIC, large or small. 

Everything from boundary scan insertion at the VHDL level to full ATPG 
for non-, partial-, and full-scan designs to exhaustive fault coverage analysis. 

So put us to the test, the way the PowerPC 603 microprocessor did. 
Phone 1-800-547-3000, dept. 327 for more information on Mentor Graphics’ 
Full-Chip Test. Or E-mail us at: dft_mgc@mentorg.com. 


GMsret 


We mean business. 


PowerPC 603 and the PowerPC name and the PowerPC logotype are trademarks of International Business Machines Corporation, used under license therefrom. 
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Jesse H. Neal 
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EDN-EDITORIAL 


Reverse-engineering 
of the third kind 


Reverse-engineering of the first kind: 
Outright copying; theft of intellectual 
property. 

Reverse-engineering of the second kind: 
For educational purposes; not for re- 
creating an existing product. 
Reverse-engineering of the third kind: 
To take the state of the art beyond its cur- 
rent limits. 

We're all familiar with reverse-engineer- 
ing of the first kind. Copying EPROMs, 
delidding ICs, and photocopying circuit 
boards all fall under this category. Some 
early IBM PC cloners used these techniques 
to circumvent a lot of development work. As 
far as I’m concerned, the only reason for 
practicing reverse-engineering of the first 
kind is to steal some other company’s intel- 
lectual property so that you can build the 
same product and sell it for less. That’s not a 
good reason. 

Most of us are familiar with reverse- 
engineering of the second kind, too. Who 
hasn’t had to reverse-assemble code or look 
at a schematic to solve a hardware or soft- 
ware interfacing problem or two? Here, 
we're not trying to copy an existing design; 
we're trying to create a complementary 
product. In the past, this practice has been 
widespread. Today, with the recent court 
decisions on suits filed between Microsoft 
and Stac Electronics, this sort of reverse- 


engineering is on shaky ground, too. Let’s 
hope the courts pour some sanity onto this 
situation soon. 

Recently, I became aware of reverse-engi- 
neering of the third kind. The purpose of 
this practice is to advance the state of the art 
beyond its current limits. This is the sort of 
reverse-engineering Steve Gibson did to cre- 
ate SpinRite 3.1, the latest version of his 
disk-repair and data-recovery software 
package. 

By feeding various data sequences into 
hard-disk drives and studying the same data 
when extracted from the drives (with the 
error-correction protocols switched off), 
Gibson has been able to determine how the 
encoders, decoders, AGC amps, and data 
separators in these drives work. His intent is 
not to build encoders, decoders, AGC amps, 
and data separators, but to understand how 
to make these circuits do more than their 
designers intended. Using a technique 
dubbed “flux synthesis,” the package applies 
data patterns to force flux reversals in the 
disk drive’s head-media interface. The net 
result is to be able to get more precise infor- 
mation about the data stored on the drive, 
with the hope of safeguarding that data. 
Consequently, Gibson’s white paper “Spin- 
rite 3.1, What’s Under The Hood” is a mar- 
velous treatise on how to perform reverse- 
engineering of the third kind. 


Steven H Leibson 
Editor-in-Chief 


SpinRite 3.1, $129, Gibson Research Corp, Aliso Viejo, CA. (714) 362-8800; Internet: 


Steve@GRC.COM. 


Send me your comments via fax at (617) 558-4470, or on the EDN Bulletin Board System 
at (617) 558-4241, 300/1200/2400 8,N,1. From the Main System Menu, enter ss/soapbox and 


select W to write us a letter. 
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You've got a problem that goes 
way beyond simple data conversion. 
So you think of Analog Devices first. 
Which is natural because we’re the 
world leader in converters. But also 
because we go way beyond simple 
data conversion. Many of our con- 
verters include on-board references 
and sample/hold amplifiers that offer 
highly integrated solutions for all your 
data acquisition needs. We combine 
advanced mixed-signal techniques 
with our proven expertise in data 
conversion. So we can provide ADCs 
with features like self-calibration. And 
sigma-delta converters for a variety of 


specific applications in process con- 


The 12-bit AD7892, with a 
500 ksps conversion rate 
wee cand a power dissipation of 
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voltage protection on the analog 
input and the flexibility of both serial 
and parallel interfaces. 


sree 


trol, computers, medical instrumenta- 
tion and communications. 

Our converters span resolutions 
from 6 to 24 bits and speed from dec 
to hundreds of megasamples per 
second. Advanced functionality is 


built-in. So leading companies look 


NOBODY DOES CONVERTERS LIKE ANALOG DEVICES. 


to us for converter leadership. Sony” 
chose our AD875 10-bit, 15 MHz 
ADC converter because it gave them 
the low power, high performance 
and low cost they needed for their 
digital camcorder. We supply five of 
the top seven GSM manufacturers 
with baseband and voiceband con- 
verters. And in a joint venture with 


IBM®, we developed a 1 GHz, SiGe 


To make the best work- 
stations, you need the 
best displays. That’s 
why SUN Microsystems 3 ony 
Inc. chose our ADV7152 *—iee 
video RAM-DAC, with 220 "==" 
MHz 24-bit (effective 30-bit) resolu- 
tion and gamma correction RAM. 


DAC that, as one trade journal put 
it, threatens to upend the wireless 
communications market. 

Put all of this together with our 
world-class operations, on time deliv- 
ery, responsiveness, applications sup- 
port and competitive pricing and what 
have you got? The world leader in 
converters. And a good reason to call 


1-800-ANALOGD. 


ANALOG 
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Analog Devices, Inc., One Technology Way, PO. Box 9106, Norwood, MA 02062-9106. 
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-Nanoseconds Alo 
How AMD Has Impro 


The New MACH’ Family Gives You 7.5ns Speeds, 
Plus The Design Tools You Need To Get To Market Faster. 


You can never be too fast. gate MACH 210A-7 clocks-in at 7.5ns, while 


Or too well equipped, for that matter our 3600-gate MACH 230-10 reaches 10ns. 
And the new MACH CPLDs give you both: Now that’s fast. 


The speed you need for the critical path And you'll bring your product to market 
— up to 7.5ns. Plus a whole new set of in record time with AMD’s new software 


design tools you [need along the way”. 235. sci, members ede offerings. Now you can get your favorite 
There's nothing faster than the new speeds up to 7.5ns, while our new design tools —including MicroSim, Data 


software tools include schematic design entry 


members of our MACH family. Our 1800- ~~ and timing simulation capabilities,  1/O® and Viewlogic’— directly from AMD?° 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088, © 1994 Advanced Micro Devices, Inc. FusionPLD is a service mark and MACH, AMD, and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Other product or brand names mentioned are property of their respective holders. 


34 = EDN July 21, 1994 


ne Cant Measure 


ved The MACH Family 


You get the right tools, right away. entire high-speed MACH family, design tools, and 
If you need additional design support, youcan our free 5-Volt in-circuit programming kit. Because 
always rely on our FusionPLD™ partners, a team of with AMD behind you, you'll finish faster every time. 


vendors ready and waiting to give you the support 
you need when speed is of the essence. 

What's more, AMD delivers both JTAG testing and 
5-Volt in-circuit programming. So you have the flex- 
ibility to test, program, and reconfigure your designs 
right on the board. And both capabilities are an 


Ask for our free 
programming 


kit 19Q. 


® 


integral part of our free in-circuit programming kit. ® e 
So call AMD today for more information on the Advanced Micro Devices 
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Want A Similar View Of Your 


Embedded Real-lime Applications? 


WindView—The First Visual Analysis 
Tool For Real-time Developers. 
Thanks to Wind River Systems, you 


can see what makes your real-time appli- 
cation tick. With your very own eyes. 

Wind View lets you observe the precise 
sequence and timing of all the events in 
your application. Every interaction be- 
tween tasks, interrupts, semaphores, mes- 
sage queues, including applica- 
tion-level events that you define. 
WindView captures information 
from applications running in 
real time. Then lays it all out in 
living color. 

You can zoom in for micro- 
second-resolution detail. Or 


zoom out to get the big picture 


With WindView, you can 
quickly ano easily visualize an 


application at the system level. 


on your software’s execution. You'll see 
race conditions, deadlocks, performance 
bottlenecks and missed deadlines —those 
tough real-time problems that delay pro- 
jects by days, weeks, even months—and 
diagnose them in a matter of minutes. 

We call it a logic analyzer for embed- 
ded software. But WindView, by any name, 
is a visible breakthrough for real-time 
development. And a truly inge- 
nious addition to the WindPower 
Tools for VxWorks? “fo. try 
WindView for yourself, call us 

3 and we'll send 
you our free 


demo. After all, 


seeing 1s believing. 


winoD 
THE REAL POWER IN REAL TIME. RIVER 


© Wind River Systems, Inc. 1994. 1010 Atlantic Avenue, Alameda, CA 94501. WindView is a trademark and VxWorks is a registered trademark of Wind River Systems, Inc. 
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Analog HDLs have 
been commercially 
available for years, 
but their acceptance 
in mainstream ana- 
log and mixed-sig- 
nal design may 
coincide with an 
industry-standard 
language—or two. 


EDN-TECHNOLOGY UPDATE 


Analog HDLs advance 
speed and enhance 
modeling flexibility 


DOUG CONNER, Technical Editor 


Analog hardware-description languages 
(HDLs) are not a substitute for Spice 
butrather another method for specifying and 
modeling circuits and systems that can be 
used with Spice. Analog HDLs have the 
potential to speed circuit simulation, simpli- 
fy modeling, and provide a better integra- 
tion of mixed analog-digital simulation. 

Most analog-HDL benefits center around 
modeling. A key difference between Spice 
and analog HDLs is circuit behavioral mod- 
eling. Behavioral modeling is not new: Spice 
has behavioral models, and a few analog sim- 
ulation vendors offer analog HDLs (see 
Table 1). Analogy has been selling an ana- 
log HDL for years. The primary difference 
between standard versions of Spice and ana- 
log HDLs is that analog HDLs’ language 
definitions contain many more primitives 
that make creating behavioral models easy 
and direct. 

An analog behavioral model does not try 
to duplicate every functional 
element of a system, as 
would an analog functional 
model. The _ behavioral 
model attempts to model 
device outputs as a function 
of its inputs. When modeling 
devices at the lowest level, 
there is little difference in 
speed between a functional 
model and an analog behay- 
ioral model. As you model 
larger blocks of a design, 
analog behavioral models 
begin to show advantages in 
Simulation speed. An op- 
amp. behavioral model can 
be much simpler than a func- 
tional model, where you 
model each transistor, resis- 
tor, and capacitor. 


Behavioral modeling is a technique. 
Inherently, a behavioral model is neither 
accurate nor inaccurate. You don’t build the 
model up from primitive functions but from 
overall behavior. You can create models that 
are just as accurate as Spice; you can even 
make them more accurate than Spice, espe- 
cially when characterizing the behavior of 
actual devices. The accuracy of any model is 
only as good as you have designed it, 
whether from Spice primitives or from the 
larger set of language elements in a behav- 
ioral language. 

You always need to know a model’s limita- 
tion. A conventional Spice model may be 
very accurate for some parameters but not 
for others. If, for example, you are interest- 
ed in the temperature coefficient of an op 
amp’s offset voltage, you may find a typical 
Spice model poorly represents the real 
device. You can build an accurate behavioral 
model of the offset voltage vs temperature 


HDL-A from Anacad EES is a compiled analog HDL that runs on the 
company’s Eldo simulator. The company plans to keep HDL-A com- 
patible with the VHDL-A standard as it emerges. 
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ANALOG HDls 


coefficient by using behavioral model- 
ing if you know the behavior of the op 
amp you are simulating. 

Behavioral modeling offers a big pay- 
off for those using high-level building 
blocks. The designer of an op amp needs 
to know what is going on at the transis- 
tor level. An analog designer using the 
op amp needs only an accurate model of 
the op amp’s input and output behavior. 
(You don’t need to go deeper because 
you aren’t changing the op amp’s 
design.) 


Simulating large designs 

Large analog designs, including 
mixed analog-digital designs, provide 
the major driving force toward analog 
HDLs. In the past, designers created 
designs at the schematic level. Using 
Spice models for each element in the 
design, you could simulate the circuit. 
Analog HDLs let you design circuits at 
a higher level. Instead of creating a 
functional design at the schematic level, 
you can create the design at a behav- 
ioral level and go directly into simula- 
tion. The behavioral description is the 
model for simulation. 

Analog HDLs and behavioral model- 
ing encourage you to work with differ- 
ent levels of models. You can use a Spice 
functional model or an accurate low- 
level behavioral model for one part of a 
system and high-level behavioral mod- 
els for other system parts. This mixed- 
level simulation approach provides sim- 
ulation speed for a system design while 
maintaining high accuracy in a system 
block you are developing or verifying. 

When your task is to design a com- 


ty Gl 


Electro Hudraul ic Motion 


Analogy’s Mast HDL for analog and mixed-signal se runs on the company’s Saber sim- 
ulator. Not only can the HDL model analog and digital electrical designs, but the language 
and available models also let ep simulate virtually any system (including mechanical and 


hydraulic elements shown in t 


plex system, you often start by develop- 
ing a specification for the behavior. You 
spec what the circuit needs to do before 
you design the circuit to implement the 
function. By approaching the design 
task using a top-down design methodol- 
ogy, you can spec what a system block 
will do before designing the details for 
that system block. Behavioral modeling 
is useful in this case because a func- 
tional model doesn’t exist until you have 
developed the design for the system 
block. A behavioral model can describe 
the general behavior and let you per- 
form a system simulation to see if the 
design concept is feasible. 

Specifying the design using an ana- 


e example above). 


log HDL lets you start with a simple 
block diagram of a design and add 
details to it as you refine the design, 
progressing from concept to implemen- 
tation. As you begin to implement the 
design, you can work at the macromod- 
el—and eventually transistor—level, as 
appropriate for the design. 

One significant difference between 
analog and digital design with HDLs is 
that you won’t be able to access synthe- 
sis tools for analog design as you can in 
digital design. You still have to carry 
out all the implementation steps. 
Although the top-down design method- 
ology is more attractive with synthesis 
tools, it’s still useful—even without 


ANALOG HDL IN USE 


For more than 15 years, American Microsystems Inc (AMI) has 
been working with customers to create custom analog-IC 
designs. AMI currently offers its customers what it calls an 
“MSDS” (mixed-signal design solution). The tool combines 
Analogy’s Saber analog simulator with the CADAT digital sim- 
| _ulator. The company’s analog library provides parameterized 

~ building blocks that let you customize elements by varying the 
parameters; then the tools generate the device. The company 
creates the parameterized behavioral models by first carefully 
characterizing the basic models with Meta-Software’s HSpice. 
The reason for the behavioral model is speed. According to 
AMI’s Bryce Baker, behavioral models run 10 fo 100 times 
faster than the Spice models, with typical designs experiencing 
approximately 40 times faster simulation. 
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Occasionally, customers want more detail than is avail- 
able in stock behavioral models. In that case, AMI finds out 
what type of information the customer needs and either mod- 
ifies the behavioral model to provide the information or pro- 
vides a Spice model of the circuit. 

_ AMI develops the behavioral models using building-block 
libraries. One of the reasons the company chose Saber was 
the large model library that already exists. AMI believes an 
analog-HDL standard will improve the company’s situation as 
well as that of its customers because it is not practical to devel- 
op models for more than one simulation language. Customers 
that would rather use a different simulator cannot do so. A 
standard would mean customers could use any simulator that 
meets the standard. 
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synthesis tools—in bringing large 
designs smoothly from concept to 
implementation. The availability of a 
standard analog HDL also paves the 
way for eventual analog synthesis tools. 


Mixed analog-digital designs 

Mixed analog-digital designs are also 
encouraging the drive toward analog 
HDLs. Not only are mixed-signal 
designs usually large, especially [C-level 
implementations, they often benefit from 
a tight coupling between analog and dig- 
ital design and simulation. As HDLs and 
top-down design methodologies become 
prevalent for many digital designers, 
having a complementary design method- 
ology for the analog portion of a mixed- 
signal design is an important considera- 
tion for efficient design. 

Any analog HDL standard that gains 
most digital designers’ approval has to 
be compatible with VHDL and Verilog. 
The initial consortium of companies 
working on an industrywide analog 
HDL standard settled on VHDL as the 
working digital standard. The VHDL- 
Analog (or simply VHDL-A) effort 
expects to produce a language reference 


Fourier Transform 


AccuSim II from Mentor Graphics supports top-down design with high-level modeling. The 
example shows a function generator simulated at the block level. 


manual (LRM) by the end of 1994 or in 
early 1995. The group plans to work 
toward IEEE approval of the standard. 

Even before the VHDL-A standard is 
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Please also use the Information Retrieval 
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Super Circle Number 
For more information on the ana- 
log-simulation products available 
from all of the vendors listed in this 


box, you need only circle one 
number on the postage-paid read- 
er service card. Circle No. 309 


done, Cadence is pushing an effort 
toward a Verilog-A standard to support 
its large base of Verilog users. 
Although a second analog behavioral 
language for Verilog destroys the hope 
for a single analog HDL to support, the 
situation may not be quite as bad as it 
first appears. Cadence is a strong sup- 
porter of both VHDL-A and Verilog-A. 
Although the company views develop- 
ing two standards as creating more 
work, it believes model interoperability 
is possible, which eases the problem for 
both end users and companies develop- 
ing models for devices. 


Why not just tweak Spice? 

With the effort toward an analog 
HDL, both designers and Spice-tool 
vendors share a bit of skepticism. The 
analog-simulation companies probably 
have a greater concern about a good 
standard than even end users do. As a 
user, if you don’t like the language stan- 
dard, you don’t use it. Simulation-tool 
companies are compelled to sink 
resources into supporting a new stan- 
dard if it appears to be at all commer- 
cially feasible. 

When Wolfram Blume, president of 
MicroSim, says “There is no room for a 
poor analog HDL standard,” he’s focusing 
on the concerns of many analog-simula- 
tion companies. The analog-simulation 
world has Spice, which is and will contin- 


Mow for ne first time, high-speed data RAM, tag, RAM oa | 
“control oe —a complete, integrated cache subsystem — -ona asin chip. 
a - Think of it as pure gold — cache- in- the- bank. SS 
“Sony ¢ Cache is 5 based on our new Memory-intensive ASIC, or MASIC™ “technology. — 
- With it, we can quickly turn new cache chips for the latest pees and 7 | -] oe 
| keep memory from becoming a oe bottleneck. oS 


ee “The fe two 256KB Sony Cache chips (CXK784862Q- 33/50): are be - 
ae o a “now v for 486SX/DX/DX2 processors and a wide variety of chip sets. ‘They deliver | 
as ~unheard- of performance for mobile PCs, yet take only about 


“one- quarter the power and space of the modules they replace, 
. Call 1. -800- 336- SONY lor your cache advance. . 


_ Sony. We e make the ee You make the histor. 
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ue to be an important industry standard. 
If the VHDL-A standard is to succeed, it 
must be a good standard because users 
will never adopt a mediocre standard 
while Spice is still viable. 

So what’s standing in the way of a 
more evolutionary approach to modify- 
ing Spice to add the HDL capability? 

Spice macromodels have been used 
successfully for some time in creating 
faster simulating models of op amps 
and other analog building blocks. The 
largest obstacle to improving simula- 
tion speed with Spice macromodels is 
probably the limited set of primitives 
available. To relieve this problem, just 
about every vendor of Spice tools has 
added proprietary-language exten- 
sions to improve behavioral modeling. 
The new embellishments can often 
become a liability to end users. As soon 
as you take advantage of proprietary 
features, you start to lose model porta- 
bility. Because models are so impor- 
tant, the model-portability problem is 
always high on the list of concerns for 
simulation users. 

Companies such as Analog Devices, 
which provide Spice models for many of 
the ICs they develop, have to decide 
which primitives to use in modeling 
their devices. To make the models use- 
ful to the widest audience, the company 
has to adhere to the most generic Spice 
standards. 

The analog HDL efforts, VHDL-A 
and Verilog-A, are an attempt to tran- 
scend the slow evolution of Spice and to 
establish industrywide standards, so 


GET INVOLVED WITH THE 
VHDL-A STANDARD 


To make the VHDL-A standard 
successful, AVI (Analog VHDL 
International), the industry consortium 
working on VHDL-A, needs more 
practicing analog-circuit designers to 
participate. If you're interested, 
contact Shawn Hailey, secretary of 


AVI, at (408) 369-5400. 


that analog designers and analog- 
design tool suppliers can more quickly 
reap the benefits of an analog HDL 
industry standard. The effort is not 
without risk. Rubber-stamping a suc- 
cessful de-facto industry standard is 
much safer than trying to create a lan- 
guage that will become a successful 
industry standard. 

The bottom line is that Spice will 
require a lot of additions to build the set 
of primitives to adequately cover what is 
needed for analog behavioral modeling. 
Whether you end up calling those addi- 
tions VHDL-A, Verilog-A, or modified 
Spice, the additions are significant. 

At the same time, it’s important to 
remember that the analog HDLs must be 
fully compatible with Spice. For the most 
part, simulation-tool vendors will contin- 
ue to use their Spice simulators, and ana- 
log HDL will be an additional capability. 


Graphical modeling 
An additional concern for some analog 
designers is having to create all those 


HDL models. To start with, you can 
use any Spice model you currently 
have. You won’t get the faster simula- 
tion benefits of a behavioral model, but 
you won’t lose any models you already 
have. Second, if you see your digital 
counterparts sweating over what 
appears to be reams of software code 
cleverly disguised as VHDL, you prob- 
ably think there has to be a better way. 
And there is. 

You should be able to use graphical 
building blocks and templates to create 
your models and system designs. Most 
simulation companies plan to offer 
these features to make it easy for 
designers to become proficient using an 
analog HDL—without having to learn 
details of the language. 

The language reference manuals that 
will define VHDL-A and Verilog-A 
won’t specify graphical representa- 
tions, which will be strictly proprietary 
developments. Because the models will 
use the underlying analog HDL, they 
will be interchangeable, even though 
the graphic representation will not. 
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TABLE 1—REPRESENTATIVE ANALOG SIMULATORS WITH ANALOG HDL CAPABILITY 


Manufacturer 
Aeeced ts 
Circle No. 302 


AccuSim II 


_ Analogy 
| Circle No. 303 


‘Dolphin — 
Integration 
Circle No. 305 


Mentor Graphics 
_ Circle No. 306 © 
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Accepts 
Spice 


Description models 


Multilevel 
analog simulator 


VHDL-based 
analog behavioral 
language 


Simulator for 
analog and mixed- 
signal simulation 


Simulator for 
analog and mixed- 
signal simulation 


Multilevel analog HDL-A 


simulator 


Analog HDL 


Yes HDL-A 
N/A Yes 

1 
Yes 


Mixed-signal 


capability Price 


$22,000 
$8000 

$20,000 
es $5600 

Yes $25,900 


20-Bit Audio A/D System Is 


Better Than One Bit Designs 


Best Front-End in the Audio Business! 


Our new PCM1760 stereo A/D converter, together with its matched 
DF1760 digital filter, delivers the best analog-to-digital performance 
ever for under $34. Besides its precise 20-bit resolution and wide 
108dB dynamic range, the system also offers very low —92dB 
THD+N and very clear 110dB SNR. Channel separation is 98dB typ, 
94dB min. Whatever you're working on—digital audio recording 
and mixing equipment, DAT, or digital radio broadcasting—it’ll 
sound and perform better with our PCM/DF1760 front-end 
digitizing IC system. 


Multi-bit Enhanced Noise Shaping 


PCM/DF1760 A/D and filter system is the first to feature our new, 
exclusive multi-bit enhanced noise-shaping circuitry. This approach 
achieves much wider dynamic range and lower noise than 1-bit 
designs while avoiding loop oscillation, jitter sensitivity, and 
process speed problems common with “older” architectures. 


CIRCLE NO. 88 


Burr-Brown Corp. P.O. Box 11400, Tucson AZ 85734 


PCM/DF1760 Key Specifications 


© 30HZ-50kHz Sampling rate e 256fs or 384fs System clock 
e —92dB THD+N e Offset error calibration 

e¢ 110dB SNR e Overflow detection 

e 64X Oversampling e Power down options 

¢ 100dB Stop band attenuation © Compact 28-pin DIP or SOIC 
e ().001dB Pass band ripple e Under $34 in 1000s 


Hear For Yourself 


Ask for our comprehensive data sheet explaining our new multi-bit 
enhanced noise shaping technology. It also contains complete 
specifications and applications tips. And, there’s also a 

rewired evaluation board with parts for $360. 
Call 1-800-548-6132 to get your next digital 
audio designs off to the best start ever! 
Or, for immediate product info—use 
our FAXLINE, 1-800-548-6133. 
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When youre ready to enter the 
information superhighway, 11 is there. 


Now, with ATM silicon solutions from 
Texas Instruments, you'll make data com- 
munications break the sound barrier. And the 
video barrier. And ultimately the office barrier. 
Because TI has the road map of ATM solutions 
that will help accelerate your entrance onto 
the superhighway. 


Thanks to the Total Integration” solution, TI 
has opened a high-performance, cost-effective 
gateway that brings ATM digital communica- 
tions into the LAN environment. 


ATM to the desktop. Introducing 
TDC1599, the first two-chipset designed 
exclusively for network interface adapter 
cards. TDC1599 pro- 
vides complete ATM 
cell transport and 
processing, from the 
physical (PHY) layer 
through the adapta- 
tion (SAR) layer. 


This cost-effective 
solution is optimized 
for connecting desk- 
top computers and 
hubs because it was 
devised by semicon- 
ductor leader TI 
in tandem with two 
other world leaders 
in their fields, Sun 
and SynOptics. 


© 1994 TI 

™ Total Integration, Extending Your Reach and 
Extending Your Reach With Total Integration 
are trademarks of Texas Instruments Incorporated. 


Features of TI's integrated ATM solutions | 


Highly integrated solutions put 
you ahead of your market. TI's advanced 
capability in submicron CMOS and BiCMOS 
process technology allows TI to integrate 
the functionality of as many as 12 different 
silicon chips onto this highly integrated two- 
chipset. The ICs are also available individually 
as single-chip PHY and SAR: the TDC1500 
physical-layer device and the TDC1560 
segmentation and reassembly device. 


With its worldwide manufacturing 
infrastructure and extensive LAN to WAN 
broadband communications and networking 
experience, TI helps you speed your entry into 
the arena of multimedia 
LAN communications 
and bandwidth on 
demand. And com- 
prehensive support is 
available. Tl is working 
with third-party ven- 
dors to offer solutions 
for adapter cards, 
design kits, technical 
documentation and 
software drivers. 


Samples are now 
available. For complete 
product information, sim- 
ply return the reply card 
or call 1-800-477-8924, 
ext. 3035, today. 


02-4186 
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lucrative future, since PCnet-SCSI 
supports the standards end-users 
demand: Ethernet for network access. 


Everyone could use some extra space. 
And that’s exactly what Compaq’ offers 
end-users in their new Deskpro’ XL. All 
with the help of AMD* of course. SCSI for peripherals in applications 

AMD's new PCnet’-SCSI controller ' like multimedia. And PCI, the leading 
enabled Compaq's designers to Create ayo penetscst chip puts Ftnernet ana NGh-speed bus architecture. It even 
a high-performance, plug-and-play PC "'sttienew compagDestproxt. ~©COMesS with a complete selection of 
with 32-bit Ethernet and SCSI on the mother- Network Operating System and peripheral drivers. 
board— eliminating the need for separate PCnet-SCSI covers only 7.5 square inches 
Ethernet and SCSI adapter cards. of motherboard real estate and takes only one 


Your next PC design can have an equally PCI load. Which leaves plenty of PCI loads 


One AMD Place, P.O. Box 3453, Sunnyvale, CA 94088. ©1994 Advanced Micro Devices, Inc. PCnet is a trademark, AMD and the AMD logo are registered trademarks of Advanced Micro Devices, Inc. Compaq and Deskpro are registered trademarks of Compaq Computer Corporation. 
Other product or brand names mentioned are property of their respective holders. 
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and open slots for future upgrades. So there's entire PCnet family, call AMD today. Because with 


always room for expansion. the right connections, you can make a fortune, too. 
Whats more, PCnet-SCSI is software and mT, 

pin-compatible with other members of the Be stir 

PCnet family. So you can configure your sys- 800-229-9323 | ~~ 4 Pack 19R 


tems to offer either Eth em et, SCSI or b oth. oo 
All in one design. 


Best of all, you can add all this functionality 
for less than $50—compared with a major invest- ‘4, ‘ 
ment in adapter cards, installation, and support. 


For more information on PCnet-SCSI and the _ Advanced Micro Devices 
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Gury Legg, Senior Technical E 


hanks largely to easy-to-use design 
tools, fuzzy logic is now gaining a 
foothold in embedded _ systems. 
Although large numbers of commercial fuzzy- 
logic applications have yet to materialize 
(especially in the US), numerous successful 


catching on, and fuzzy 
design tools are getting 
better: They don’t just 
help design fuzzy logic, 
they let _ create com- 


Fuzzy logic is 


test projects indi- 
cate that many 
fuzzy products will 
soon follow. For the 
most part, product 
developers will 
implement these 
products in sur- 
prisingly compact 
code in convention- 
al microcontrollers 
(wCs). : 

Real commercial 


applications, how- 


plete em 


edded systems. 


ever, require that 

fuzzy tools 
do more than just aid the design 
process. Because fuzzy code almost 
always coexists with conventional code 
in embedded systems, fuzzy tools 
must help combine the two. Increas- 
ingly, the tools are doing just that. 


Better system capabilities 

The latest fuzzy-logic tools provide 
substantial improvements in system- 
development. capabilities. Intel’s 
Fuzzybuilder, for example, merges 
fuzzy tools with Apbuilder, a software 
tool that automatically generates 
peripheral-initialization code for 
MCU-96 wCs. Also included is Model- 


Fig 1—Simulators in fuzzy-logic tools can 
draw control-surface plots to show system 
response. Byte Dynamics’ Fuzzy Logic 
Designer drew this plot. 


builder, a software package that lets you cre- 
ate a system-level application model without 
writing any code. The fuzzy part of Fuzzy- 
builder comes from Inform, which also sup- 
plies a remote real-time debugger for fuzzy 
applications. Similarly, Togai InfraLogic 
includes remote debugging in its tools’ capa- 
bilities. 

Fuzzy tools are also linking with other 
tools: some fuzzy, some not. For example, 
Fuzzy Systems Engineering’s Fuzzy Knowl- 
edge Builder (previously Manifold Graphics 
Editor) now creates input to ByteCraft’s 
Fuzz-C Preprocessor, thus linking a front- 
end fuzzy design tool to a C-like language 
that appeals to designers already versed in 
conventional system development. For Win- 
dows-based applications, HyperLogic’s Cubi- 
Cale and some other fuzzy tools now link 
fuzzy programs to other programs via 
dynamic data exchange (DDE). 
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Fuzzy-logic tools 


Because the adaptation of fuzzy 
logic has been slower than expected, 
some fuzzy-tool manufacturers are 
scrambling to survive. As a result, 
choosing the right fuzzy tools to 
use—difficult enough in itself—can 
be complicated by concerns over 
whether or not a tool provider will 
remain viable. 

Companies suffering most from the 
sluggish pace of fuzzy logic’s commer- 
cial proliferation are those that have 
concentrated solely on fuzzy-logic 
products. Togai InfraLogic, Aptronix, 
and NeuraLogix, for example, have all 
put a great deal of effort into fuzzy 
products that have been slow to take 
off. As aresult, Togai has scaled back, 
Aptronix has branched into fuzzy-logic 
consulting, and NeuraLogix has relo- 
cated from Florida to California’s Sili- 
con Valley. Of all the companies con- 
centrating exclusively on fuzzy-logic 
tools, only pioneer HyperLogic has 
remained healthy. Other companies 
with fuzzy tools either augment their 
income with consulting and training in 


fuzzy logic or have developed fuzzy 
tools as an outgrowth of regular 
business. 


Semiconductor partnerships 

Semiconductor companies with a 
stake in fuzzy logic—notably compa- 
nies that manufacture »pCs—have 
formed relationships with third- 
party tool vendors. Inform, a German 
company that has offices in the US, is 
the most prominent of the third par- 
ties, having established partnerships 
with Intel, SGS-Thomson, Siemens, 
Texas Instruments (for fuzzy DSP 
applications), and Microchip Tech- 
nologies. Chip-maker Hitachi has a 
partnership with Togai, as does VLSI 
Technology. Motorola works with 
Togai, Aptronix, and Hiware and also 
has in-house tool development. Of all 
the major chip makers, only National 
Semiconductor has developed its 
fuzzy tools solo. 

Europe and Japan are well ahead of 
the US in fuzzy applications, and 
Europe, not surprisingly, is a major 


Fig 2—Membership functions take a variety of shapes, as this selection screen from GTS 


Trautzl’s FS-Fuzzysoft shows. The most commonly used functions are triangular and 


trapezoidal. 
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source of fuzzy design tools. Inform is 
the best known of the fuzzy compa- 
nies, but Switzerland’s Hiware is now 
getting attention from its alliance 
with Motorola. Another Swiss compa- 
ny, Fuzzysoft, also develops fuzzy 
tools; it markets through GTS Traut- 
z1 GmbH of Germany. Together, 
European and American fuzzy-tool 
vendors add up to a sizable number 
(Table 1). 

Even some enthusiastic developers of 
fuzzy applications have been slow to 
adopt fuzzy tools, however. You can get 
by without special tools, they report, 
because fuzzy-logic software isn’t all 
that complicated (Ref 1). Typical fuzzy 
controllers often run in only a few hun- 
dred bytes of code. 

But to ignore the benefits of fuzzy 
tools, say other developers, is to ignore 
the benefits of fuzzy logic itself. Fast 
prototyping is one of fuzzy logic’s main 
strengths, according to fuzzy-design- 
consultant David Brubaker, and proto- 
typing is where fuzzy tools work best. 
Tools that can simulate a fuzzy design’s 
performance are especially useful, says 
Brubaker. The simulator in HyperLog- 
ic’s CubiCale often assists Brubaker in 
quick feasibility studies, which turn 
into actual design projects. 


Multiple capabilities 
Various fuzzy design tools provide 
one or more of several capabilities: 

e Help to design a fuzzy control sys- 
tem with CASE (computer-aided 
software-engineering) capabilities 

@ Simulate a fuzzy design to help val- 
idate it, as previously mentioned 

@ Generate code, in C or in various 
assembly languages, for implement- 
ing a fuzzy design 

e@ Help to merge the fuzzy code with 
other code 

e Help debug the entire system. 

Using fuzzy tools to design a fuzzy 
controller requires knowing how fuzzy 
logic works (Refs 2 to 5). Essentially, 
says Brubaker, you have to learn how to 
work in a different domain. Fortunate- 
ly, that domain offers advantages that 
make your effort to learn worthwhile. 

Different tools support the various 
fuzzy design steps in a range of ways— 
and to varying degrees. At a minimum, 
however, all tools let you do three 
things: define fuzzy input and output 
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variables; specify fuzzy sets (also called 
membership functions or adjectives) 
that correlate fuzzy variables with 
fuzzy values; and define linguistic rules 
that describe the desired system 
behavior. 

Once you have a fuzzy design, most of 
the tools automatically generate code 
for implementing it. Usually, the code is 
in C or assembly language for one of a 
number of wCs. A few tools do provide 
other languages, however (see box, 
“Features to look for’), including Basic, 
Fortran, and Ada. Often, fuzzy-tool- 
generated source code contains clear 
explanatory comments about the fuzzy 
operations it implements. 


Tuning with a simulator 

A simulator helps you “tune” your 
fuzzy design. Tuning, an iterative 
process of refining a fuzzy design, is 
usually the most time-consuming part 
of creating a fuzzy system. Without 
simulation, you can get into a lengthy 
loop of design modifications, code gen- 
eration, downloading, and debugging. 
With simulation, you see the results of 
design changes almost immediately. 

Simulators provide displays that 
demonstrate system behavior. These 
displays include both 8D plots of control 
surfaces (also called decision surfaces) 
and 2D orthogonal slices through the 
control surfaces. The 3D plots usually 
show one output variable as a function 
of two input variables (Fig 1); alterna- 
tively, they may show an error term as 
a function of inputs. Many simulators 
let you alter plot perspective by chang- 
ing your apparent vantage point. To 
help compare the results of changes on 
different output variables, some simu- 
lators also let you view multiple 3D 
windows simultaneously. 

With some tools, you can make 
design changes on the fly in the tuning 
process and see their simulated effects 
immediately. Typical modifications 
include changing the shapes of fuzzy 
membership functions, changing the 
values of variables, and defining new 
plots. You can usually change rules, too, 
although some restrictions may apply. 
For example, with some tools, you may 
have to restart the simulator when you 
change rules. With Togai’s simulator, 
you can always delete and disable rules 
on the fly, but you’ll have to make pro- 


visions when you set up your system if 
you want the option to add rules. 

Remote, real-time debuggers help 
wring out a fuzzy controller after it’s 
running in a target system. Like simu- 
lators, real-time debuggers let you 
alter, add, or delete membership func- 
tions and rules. Unlike simulators, 
these debuggers provide feedback from 
the embedded system itself. A commu- 
nications link exists, usually via an RS- 
232C port, between the host and target 
systems. Remote debuggers are avail- 
able from Inform and Togai. 


Features for fuzzy design 

At the heart of most fuzzy tools is the 
capability for creating the design for a 
fuzzy control system. With features 
such as graphics-based function editors 
and linguistic fuzzy-rule editors, the 
tools let you work intuitively in the 
fuzzy domain, at a level of abstraction 
above that of ordinary programming. 

You begin a fuzzy design by specify- 
ing input and output variables and by 
defining membership functions. Mem- 
bership functions typically have names 
like “warm” (to describe, for example, a 
measured temperature) or “fast.” They 
express the fuzzy designer’s intuitive 
concept of which temperatures corre- 
spond to “warm” and which speeds are 
fast. Depending on the fuzzy tool, you 
can create membership functions with 
a graphics editor, a text editor, or both. 

Membership functions can have 
many different shapes (Fig 2), although 
not all fuzzy tools support all shapes. 
The most common shapes are triangles 
(pyramids) and trapezoids (truncated 
pyramids), which are usually symmet- 
rical, but don’t have to be. Membership 
functions can have many other shapes 
and even can be nonlinear, although 
nonlinear functions usually get con- 
verted to piecewise linear approxima- 
tions when implemented in Cs. Output 
membership functions (sometimes 
called consequence functions) can also 
include singletons, which denote fixed 
values. 

Simple membership functions, such 
as those with triangular and trape- 
zoidal shapes, are adequate for most 
applications. In most cases, the smooth- 
ness of system response depends more 
on function overlap and defuzzification 
technique than on function shape. Real- 


Fig 3—Hedges modify membership func- 
tions. Modifying an original triangular 
function (a) by the hedge “very” yields (b); 
modification by the hedge “somewhat” 
yields (c). 


Fig 4—Applying a rule-activation level to 
output membership functions results in two 
types of scaling: by minimum (a), which 
truncates the function, and by multiplication 
(b), which retains its general shape. 


ly complex applications may require 
more complex shapes and, most likely, 
additional computing power—a 16-bit 
controller instead of an 8-bit device, for 
example. Nonlinear membership func- 
tions are usually confined to worksta- 
tions, says Brubaker. For wC imple- 
mentations, storage and computational 
costs are prohibitive. 


Functions on functions 

Some fuzzy design tools let you mod- 
ify membership functions with 
“hedges” to accentuate or diminish the 
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functions’ effects. For example, the 
hedge “very” intensifies a function’s 
effect; the hedge “somewhat” diminish- 
es it (Fig 3). Different tools implement 
hedges in different ways. Typically, an 
intensifier such as “very” results from a 
pointwise squaring of the modified 
adjective; a diminisher such as “some- 
what” results from a pointwise square 
root. 

The utility of hedges is akin to the 
utility of subroutines. For example, 
instead of implementing several sepa- 
rate membership functions, you can 
save code by applying different hedges 
to a single function. Also, like subrou- 
tines, hedges aid conceptual under- 
standing. Essentially, they apply a 
function to a function. 

To help you define the rules for con- 
trolling a fuzzy system, fuzzy tools pro- 
vide rule editors. These editors let you 
express rules linguistically with “if- 
then” statements. Some tools also pro- 
vide matrix rule entry, which simplifies 
rule input (you don’t actually need to 
write “if” and “then”) and promotes 
thoroughness. 

Fuzzy rules may have single or mul- 
tiple antecedents (“if” parts) and con- 
sequents (“then” parts). Rule operators 
separate multiple antecedents. Virtual- 
ly all tools provide an AND operator 
(for statements such as “if temperature 
is warm AND humidity is high”); other 
tools may have additional operators 
such as OR and NOT. Some tools also 
allow parentheses to control the order 
of term evaluation. The more flexibility 
a tool offers in writing rules, the more 
you can express rules in the way you 


Fig 5—Combinin a rule’s output-member- 
ship functions sate the rule’s overall 
effect. The combined result can be the max- 
imum points of the two functions (a) or the 
sum (b). 


naturally think. (Do not assume, how- 
ever, that having fewer rules with more 
terms is better. Sometimes, reducing 
the number of rules is more trouble 
than it’s worth.) 


What the fuzzy code does 

The code a fuzzy tool generates must 
perform all the steps required of a 
fuzzy-logic controller. These steps 
include fuzzification (to convert input 
“crisp” values to fuzzy values), infer- 
encing (application of fuzzy rules), and 
defuzzification (to determine crisp out- 
put values). Different tools perform the 
steps in different ways, and some indi- 
vidual tools provide choices of methods 
for some steps. 


LOOKING AHEAD 


Fuzzification determines member- 
ship degrees (from 0 to 1) of input vari- 
ables in fuzzy sets, which are denoted 
by input membership functions (partial 
membership is permissible in fuzzy set 
theory). For a simple single-antecedent 
rule, the degree of membership deter- 
mines the degree to which the rule is 
active or the degree to which the rule’s 
specified output actions occur. The 
methods the fuzzy tools provide for 
determining degree of membership 
range from simple table look-up to 
interpolation to computation of nonlin- 
ear functions. Obviously, the different 
methods make different demands on a 
fuzzy system for memory and computa- 
tional power. 

For multiple-antecedent rules, fuzzy 
inferencing combines the effects of all 
antecedents to determine a rule’s over- 
all effect. For two antecedents separat- 
ed by an AND operator, the result most 
fuzzy tools supply is the minimum of 
the antecedents’ degrees of member- 
ship in their respective fuzzy sets. For 
antecedents separated by an OR opera- 
tor, the result is usually the maximum 
of the two numbers. Some tools (F'S- 
Fuzzysoft, for example) provide more 
than simple minimum and maximum 
choices, but using this type of tool is 
probably beyond a novice designer’s 
capabilities. 

A rule’s activation level, determined 
by combining antecedents’ effects, 
applies to the rule’s output membership 
function(s) to determine how much the 
rule contributes to system behavior. (In 
simple terms, the degree of truth of a 
rule’s “if” part determines the degree 


‘One advantage fuzzy logic has over conventional control sys- 

tems is its flexibility in accommodating fairly broad variations 
in system parameters. In the future, however, fuzzy logic will 
be even more flexible. The components of a fuzzy system will 
_be variable—rather than fixed—so the system itself can Eige 
as conditions change. __ 

In adaptive fuzzy-logic systems, rules and fuzzy sets lesen 
bership functions) can change on the fly. Some fuzzy design 
tools may add support for adaptive systems as early as this 
year, although many fuzzy designers may not be ready yet for 
that next level of abstraction. — 

Although | many designers still are learning how to use 
_ fuzzy logic’s most basic capabilities, the long-range trend 
will be toward creating more sophisticated systems. For 
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example, fuzzy-logic consultant David Brubaker reports 
already having designed a system with two fuzzy con-- 
trollers—one that actually provides system control and 
another that adapts the first one to changing conditions. 
The combination of fuzzy control and conventional pro- 
portional-integral-differential (PID) control will also be 
more prevalent. An adaptive system could even use a fuzzy 
controller to adapt a PID controller to changing conditions. 
Eventually, genetic algorithms will help fuzzy systems 
adapt. 

In the meantime, the use of so networks with fuzzy sys- 
tems will grow. And that growth will be assisted by more and 
better fuzzy design tools with neural-net modules. 
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of application of the rule’s specified out- 
put actions.) 

Application of the rule activation 
level to the output membership func- 
tion most often occurs in one of two 
ways (Fig 4): clipping (sometimes 
called scaling via minimum) or scaling 
(also called scaling via multiplication). 
If your fuzzy tool provides a choice, 
determining which scheme to use can 
depend on your having a good working 
knowledge of fuzzy logic. However, 
some tools that offer both schemes 
help you make a choice according to the 
type of application you’re designing. 
HyperLogic’s CubiCalc, for example, 
defaults to the multiplicative scaling 
option if you’ve specified that the sys- 
tem you’re designing should have a 
smooth response. Alternatively, the 
purpose of some fuzzy systems is to 
make distinct choices, in which case 
the response should not necessarily be 
smooth. 


Schemes for combining rules 

To determine the combined effects 
of all rules, fuzzy inferencing com- 
bines output fuzzy sets (consequents) 
to create a resultant fuzzy set. Again, 
various combination schemes exist; 
CubiCale’s options (Fig 5) illustrate 
the general idea. In Fig 5, the combi- 
nation of two sets may result in the 
maximum point-by-point values of the 


Fig é—Defuzzification converts ioabined 
output-membership functions to a single 
real value. Two common methods select out- 
put values from a centroid (a) and the point 
of maximum height (b). 


two sets, the added pointwise values, 
or simply the “best” of the two sets. In 
general, “max” and “sum” tend to be 
better for continuous response, and 
“best” is better for distinct choices. 
The CubiCale user’s manual offers 
more detail. 

Ultimately, the process of defuzzifi- 
cation computes a “crisp,” numerical 
output value from scaled and combined 
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membership functions. This process, 
like others, can occur in a variety of 
ways (Fig 6). One method, usually 
called the centroid method, computes 
the center of gravity of combined, 
scaled-output membership functions. 
Other methods include variations that 
involve the maximum height of the 
resultant consequent. As with other 
stages of the fuzzy process, the pre- 
ferred method sometimes depends on 
whether you need smooth results or 
whether you are selecting from dis- 
crete choices. The centroid is good for 
smooth results but somewhat compute 
intensive. 

Knowing which fuzzy options to use, 
or even which ones to require in a 
fuzzy design tool that you buy, 
depends on a level of knowledge too 
great for an article of this length to 
convey. However, it’s often true that 
fuzzy logic’s robustness enables you to 
create a very good controller even if 
you haven’t made all the best possible 
choices. Most important, according to 
many fuzzy designers, is simply to get 
started in fuzzy logic. Experience is 
the best teacher. 

You can learn fuzzy logic in different 
ways. Most fuzzy-tool vendors have 
inexpensive, limited-capability ver- 
sions of their products, which you can 
learn to use hands-on. Some of the 
tools’ user’s manuals also contain good 


Unless you’ re s ahead a most foe on he ee curve, 
you probably won't need fuzzy-logic design tools with the 
most exotic features. Your primary concern, in fact, might 
simply be what Processors the generated fuzzy code will 
rmnon, | 

Most fuzzy tools are - available in versions fay generating 
assembly-language code for numerous wCs. Other tools pro- 
duce code for Texas Instruments TMS320 DSPs and for fuzzy 
processors and coprocessors from VLSI Technology and Nev- 
raLogix. Most tools also generate C code. 

In addition to C, some tools produce code in her high-level 
languages. Fuzzle, from. Modico, generates: Fortran; Fuzzy 
Knowledge Builder, from Fuzzy Systems Engineering, gener- 
ates both Fortran and Basic. RT/Fuzzy Module, part of a larg- 
er system-development package f trom Integrated Systems, pro- 
duces C and Ada code. The Fuzz-C Preprocessor from 
ByteCraft lets you write ina c like language created just for 
fuzzy systems. 

A simulator is an spss Sood feaiure to have ina 
fuzzy tool. Simulators are available in many tools; some 


fio is more | conveniaat Set is 
select a tool with both—and then take your pick. 

Membership functions more complex than triangles and 
trapezoids may go unused until you're a fuzzy expert, but they 
do reflect a tool’s sophistication. Similarly, hedges a are for the 
well initiated. 

A remote real-time debugger will appeal to engineers ih : 
embedded-system experience. Unlike simulators, real-time 
debuggers let you know woe $ s eppeninigs in the processor that 
runs your fuzzy code. —s—i«ws 

The control- -systems pec 
Fuzzysoft (GTS en ee allows mang of classical and 
fuzzy wl ker _ =e : : 
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tutorial information, and many fuzzy 
tool companies offer training in fuzzy- 
logic design. 


Automation via neural nets 

You may be able to bypass some 
learning by using a tool with neural- 
network capabilities. The neural nets in 
these products can “learn” how a sys- 
tem should work by processing large 
numbers of input and output data sets. 
With that knowledge, the tools then 
generate the code for a fuzzy system 
with much less user involvement than 
would otherwise be required. Neural- 
net tools for fuzzy applications are 
available from Inform, Motorola, 
National Semiconductor, and Togai. 
National recently updated its offering 
to produce C code; the earlier version 
generated only assembly code for COP8 
controllers. 

If neural nets spare you the effort of 
learning fuzzy logic, however, they may 
exact a price in demanding at least a 
rudimentary knowledge of neural net- 


works. They can also require large 
amounts of computing time to do their 
learning. 

As with every new discipline, fuzzy 
logic has a learning curve. It’s not a ter- 
ribly steep curve, though, according to 
many fuzzy designers; it just requires 
putting in the time and effort to shift into 
a new mindset. Most designers who have 
made the effort say it’s worth it. EDN 
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TABLE 1—FUZZY-LOGIC TOOLS 


Description 


Product 


Windows-based graphical tool has matrix rule entry 
and simulator. Develops C code, MatLab M file code, 
and assembly code for Motorola 6805, 68HC05, 
68HC08, 68HC16, and 6833x. 


Fide high-level kit 


Fide midlevel kit Same as high-level kit, but generates only C code 
and assembly code for 6805, 68HC05, 68HC08, and 


68HC11. 


Fide starter kit Limited-capability version. Generates C code and 
68HC11 assembly code. 


Fuzz-C Preprocessor DOS-based tool translates C-like fuzzy-logic descrip- 
tive text to fast, compact C source code. Shows 
simple plots of membership functions as comments 
within the code. | 


Windows-based graphical tool develops ANSI C 
source code. Simulator provides 3D and 2D plots. 


Fuzzy Logic Designer 


Windows-based tool provides matrix rule entry and 
graphical input of membership functions. Simulator 
provides 3D and 2D plots. Creates code in C, Basic, 
Fortran, and assembly languages for processors 
from Motorola, National, Tl, Intel, and Analog Devices. 
Also creates ByteCraft Fuzz-C Preprocessor code. 


Fuzzy Knowledge Builder 


Windows-based tool provides interface for modeling, 
capturing, and exercising thought models. Provides 
graphical input in format of directed graph with 
feedback. 


Fuzzy Thought Amplifier 


Fuzzy Decision Maker 


FS-Fuzzysoft 


Fuzzy Logic Embedded 
Controller Development 
Packages 


CubiCalc 


CubiCalc-RTC 


Windows-based tool helps break apart and capture 
subjective judgments needed to make complex 
decisions. 


Windows-based tool that adds fuzzy logic to system- 
design and conventional control (P, Pl, PID) 
capabilities. Has matrix rule editor and simulator. 
Optional modules generate C code and assembly 
code for 68xxx, 8051, 6811, and 80C166. FS-Fuzzy- 
expert NFS option adds neural-net capability. 


Windows-based tools developed with Togai gener- 
ates assembly-language code for H8/300, H8/500, 
HMCS400, and SH (32-bit RISC) controllers. 


Windows-based graphical tool generates C code 
and assembly code for 68HC11 now, more Motorola 
microcontrollers later. Includes simulator and de- 

bugger. Allows use of nonfuzzy functions. 


Windows-based graphical tool for developing PC- 


based fuzzy logic. Has extensive simulation, tracing, 
and plotting capabilities. 


CubiCalc superset converts fuzzy systems into C 
structures for use with included DLL or in stand-alone 
80x86 programs. Optional fuzzy-engine source code 
allows embedded-system development. Optional 
CubiCard ($700) gives PC analog and digital I/O. 
Limited version of CubiCalc allows experimenting 


CubiQuick 
| with fuzzy logic. 
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Price 


$3495 


$1995 


$350 


$149 


$395 


$295 


$129 


$195 


$499 


$1530 to $4500 


N/A 
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$795 


$179 
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Source 


Inform GmbH 
Aachen, Germany 
(49) 2408 6090 
Circle No. 358 


Evanston, IL 
(708) 866-1838 
Circle No. 359 


Intel Corp 
Santa Clara, CA 
(800) 468-8118 
Circle No. 360 


Integrated Systems Inc 
Santa Clara, CA 

(408) 980-1500 

Circle No. 361 


Microchip Technology 
Chandler, AZ 

(602) 963-7373 

Circle No. 362 


Modico Inc 
Knoxville, TN 
(615) 531-7008 
Circle No. 363 


Motorola Inc 
Austin, TX 

Contact local office 
Circle No. 364 


National Semiconductor Corp; NewFuz4-C Development Kit 


Santa Clara, CA 
(800) 272-9959 
Circle No. 365 
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TABLE 1—FUZZY-LOGIC TOOLS (conT) 


Product 


Description 


Windows-based tool generates 8- and 16-bit C code. 
Has graphics editor and simulator. Works with option- 
al remote real-time debugger and optional — 

neural-net module. 


Fuzzytech Standard Edition 


Fuzzytech Explorer Edition Limited version of Standard Edition. 


Generates 16-bit C code. 


Fuzzytech MCU Editions Generates C code and assembly code for Cs. 
Versions available for Motorola 8051, Intel 80C 196, 
Siemens 80166 and 81C99, Microchip Technology 
PIC, SGS-Thomson ST6, Tl TMS320. 

Remote real-time debugger runs on PC and allows 
debugging of fuzzy applications running in embedded 


80C196. 


Fuzzytech MCU-96 Edition Inform’s Fuzzytech MCU Edition for MCU-96 family. 


Hardware/sofware kit that includes Fuzzytech 
MCU-96 Edition and Intel’s ProjectBuilder 196. 
Options include NeuroFuzzy module and real-time 
remote cross debugger 


Fuzzytech Explorer-96 Edition] Inform’s Fuzzytech Explorer Edition for MCU-96 
family. 


Hardware/sofware kit that includes Fuzzytech 
Explorer-96 Edition and Intel’s ProjectBuilder 196. 


Fuzzybuilder 
(FUZZYBLDRMCU96) 


Fuzzybuilder 
(FUZZYBLDREXP96) 


Fuzzytech MCU-51 Edition Inform’s Fuzzytech MCU Edition for 8051 family. 
Tool for X Window systems is part of SystemBuild 
product for modeling and simulating complex 
control systems. Generates real-time fuzzy-logic 
code in C or Ada. 


RT/Fuzzy Module 


Fuzzytech Tools from Inform for PIC Cs. 


Fuzzle DOS-based tool with graphical interface generates 
C and Fortran code. Compiler required to generate 
executable code, but not to develop inference 


engines. Windows version due this fall. 


Version of Fide from Aptronix generates assembly 
code for 68HC05 and 68HC11. 


Education kit includes demo version of Fide. Gener- 
ates C and assembler code for 68HC05, 68HC11, 
68HC16, and 68300. Includes neural-net capabilities. 


M68HXBFIDS 


FLEDKTO1 


Windows-based development system uses neural 
networks for automatic creation of fuzzy rules and 
membership functions from input data sets. Gener- 
ates C code and COP8 assembly code. Includes 
simulator. 


NeuFuz4-C Learning Kit Limited-capability version of NewFuz4-C. 


NeuFuz4 Development Kit Windows-based development system uses neural 
networks for automatic creation of fuzzy rules and 
membership functions from input data sets. Generates 
COP8 assembly code; includes some COP8 soft- 
ware tools. 


NeuFuz4 Learning Kit 


Limited-capability version. 


Price 


$999 


$199 
$1690 to $2090 
$2840 


$2056 
$2096 to $4896 


$215 
$396 


$1932 
$5000 
N/A 


$275 


$995 


$195 


| $15,000 


$399 


$3975 


$199 


Table continued on pg 62 


Get a sample of reality. 


Looking for analog confidence in a digital High-end digital features. Each model 
oscilloscope? Tektronix’ TDS 350 sets the features over 20 automatic measurements. 
Standard with Digital Real Time. m Its Continuous update for hands-free opera- 


incredible one gigasample/ 
second sampling delivers real- 


life capture like never before — 


ONE POINT 
CAPTURED. 


SINGLE EVENT 
CAPTURE USING 
EQUIVALENT TIME 
SAMPLING. 
20 MS/s 
100 MHz DSO. 


REAL LIFE 
CAPTURE. 


both for single shot 
or repetitive events. 
Select peak detect 
for slow events, or 
push the scope to 


its full 200 MHz 


bandwidth — with 


carne usin no aliasing. m And, like the tion. Four acquisition modes and video 
woomie0s. entire TDS 300 family, the TDS trigger—perfect for tailoring the display. 
350 sets a new Standard in price/perfor- And a communication option for hardcopy 
mance: under $4000. There’s a TDS 300 Series scope for every to most printers, or to 


Analog look and feel. 
The TDS 300 family is 
Simple and intuitive; 
just like your trusty 
analog scope. Even the 
digital interface is sim- 


plified with on-screen 


application. And every budget. 


send/receive wave- 
FEATURES TDS 310 TDS 320 TDS 350 

forms and setups. 
Get real. For more 
real-time benefits of 
the TDS 300 family, 
call your authorized 


Tektronix distributor 


icons. You may never have to crack open today. Or call Tektronix at (800) 426-2200, 
the instruction manual! ext. 212. Tektronix 
bide a ia CIRCLE NO. 84 
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EDN-SPECIAL REPORT 


TABLE 1—FUZZY-LOGIC TOOLS (coNT) 


Source 


NeuraLogix Inc 
San Jose, CA 
(408) 383-7200 
Circle No. 366 


NeuralWare Inc 
Pittsburgh, PA 
(412) 787-8222 
Circle No. 367 


SGS-Thomson 
Microelectronics 

Milan, Italy: (39) (2) 575 461 
Circle No. 368 


Phoenix, AZ: (602) 867-6259 
Circle No. 369 


Siemens 
Semiconductor Group 
Munich, Germany 

(49) 89 4144 8223 
Circle No. 370 


Siemens Corp 
Santa Clara, CA: (408) 777-4500 
Circle No. 371 


Texas Instruments Inc 
Dallas, TX 

(800) 477-8924, ext 4500 
Circle No. 372 


Togai Infralogic Inc 
Irvine, CA 

(714) 588-3800 
Circle No. 373 


VLSI Technology Inc 
San Jose, CA 

(408) 434-3000 
Circle No. 374 
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Product Description Price 


Insight Windows-based development system for NeuraLogix | $995 
NLX22xX family of stand-alone fuzzy-logic controllers 
Includes simulator. Has features unique to NLX22X 
hardware. 
FuzzySP Windows-based fuzzy-logic tool for business applica- | $2995 
tions such as market analysis and risk assessment. 
FuzzyEmbed Software module that enables embedding fuzzy logic | $495 
developed with FuzzySP into application software. 


Tools from Inform for ST6 ~Cs N/A 
Fuzzytech Tools from Inform for 80C 166 family, 8051, 81C99 N/A 
fuzzy coprocessor. 


Fuzzytech MCU-320 Edition | Windows-based tool developed with Inform gener- $1890 
ates C and assembly code for TMS320 DSP family. 
Reduced-capability version of MCU-320 Edition. $199 
Generates DSP assembly code. 


Windows-based graphical tool generates C code. $3495 
Extensive features include simulator, matrix rule 
editor, on-line debugger, and TILGen neural-net 
module. 


Fuzzytech MCU-320 
Explorer Edition 


TILShell Professional Edition 


Same as Professional Edition, but without on-line $1795 
- debugger and TILGen. 


Like TiLShell Standard Edition, but without matrix 
rule editor and some other capabilities. 


Optional software modules generate assembly code 
for specific Cs and assemblers (included). Versions 
available for 8051: 6811; Hitachi H8/300, H8/500, 

and HMCS400; and Oki 65000 and 66000. 


TiLShell Standard Edition 


TILShell+ $795 


MicroFPL $595 


development system 


FuzzyCLiPS Windows-based tool adds fuzzy-logic capability to $199 to $899 
. C Language Integrated Production System (CLIPS), 


which NASA developed. 


TILShell TiLShell family of tools from Togai supports N/A 
VY86C500 fuzzy-logic FSB coprocessor accelerator 
core and VY86C570 fuzzy-logic coprocessor. 


Super Circle Number 
For more information on fuzzy 
logic products available from all of 
the vendors listed in this box, you need 
only circle one number on the postage- 
paid reader service card. 


Circle No. 375 


Technology on the Move 
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At North America’s Premier Trade Show for OEM Eieerrorics 


Explore the Latest Developments In 


e Fuzzy Logic e Neural Networks ¢ Hardware & Software Design 
e Microcontrollers ¢ PLDs ¢ FPGAs ¢ Advanced ASICs ¢ Boundary Scan 
| e 50.9000 * Wireless Communications ¢ PDA ¢ Digital Video 

e Vision Systems ¢ Virtual Reality e LANs ¢ Medical Electronics 


At the 94 Technical and Business Conferences 
Also Featuring More Than 1,200 Exhibits. | 


€ Semiconductor Products 

«Passive Components 

© EDA Tools and Engineering Software 
Test and Measurement Equipment 
Production Products and Services 
© Computer Systems/Subsystems 


Wescon and idea/Microelectronics 
September 27-29, 1994 
Anaheim Convention Center 
Anaheim, California 


For more information, contact: Electronic Conventions Management 
8110 Airport Blvd ¢ Los Angeles CA, 90045 © 800-877-2668 or 310-215-3976 « FAX 310-641-5117 
| E-mail INTERNET:73232.666@compuserve.com 


Sponsored by the Los Angeles Council and San Francisco Bay Area Council, IEEE }, 
Southern and Northern California Chapters, ERA ap 


=A) Electronic Industries Association 


Wescon is supported by AEA American Electronics Association and 
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2-Chip Solution. 


Simplifies ATM Design 


Off-the-shelf samples available now 


EC’s two-chip ATM solution can put you on the fast It’s also ideal for ATM network interface cards. 
N track to new opportunities in multimedia LAN and WAN Our ATM SAR chip handles all processing for the ATM 
markets. Our chipset covers the ATM protocol from the ATM _ Layer. It also supports the Segmentation and Reassembly in 
adaptation layer to the physical layer. It simplifies system the ATM Adaptation Layer (AAL). The chip fully supports 
design, reduces component count and saves board space. AAL5 and assists AAL1 and AAL3/4 for voice, video and data 
It allows you to add ATM capabilities to network equipment transmission. 


such as PCs, workstations, servers, hubs and routers. Our ATM SONET framer supports the Transmission Conver- 
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gence sublayer and SONET in the physical layer. It performs |] UTOPIA-based interface between ATM and physical layers. 
high-speed data transmission with a 156Mbps (SONET STS-3c) [Ample operation and maintenance functions for perform- 
serial interface and 19.44MHz parallel interface. ance monitoring and alarms. 

Advanced features of NEC’s two-chip ATM solution: | |Compliance with ITU-TS, ANSI T1$1 and ATM Forum 
|_| High-performance DMA controller for easy connection recommendations. | 

with popular 32-bit buses such as PCI, APbus and Sbus. Order your sample today 
[ JExtensive 32K virtual-connection support. Call NEC today to order your sample of our advanced ATM 
[116 traffic shapers controlled by dual leaky bucket algo- chipset. It’s a streamlined, off-the-shelf solution that puts you 


rithm using peak rate and average rate parameters. on the fast track to success in ATM LAN and WAN markets. 


CIRCLE NO. 69 
For fast answers, call us at: USA Tel: 1-800-366-9782. Fax: 1-800-729-9288. 


No Oscillation With Any Load. 


RIBBON CABI 


TWISTED PAIR 


LT1097* 4 700kHz 0.2V/us 
LTC1152 1MHz 1V/us 
LT1206 60MHz 900V/us 
LT1220 ; 45MHz 250V/us 
LT1224* . 45MHz 400V/us 
LT1354* 12MHz 400V/us 
LT1357* 25MHz 600V/us 
LT1360* . 50MHz 800V/us 
LT1363* ; 75MHz 1000V/us 
LT1457 1.7MHz 4V/us 


*Duals and Quads are available. 


| to any eos type of .f amplifier. LTC’s family of ) ? Sa 

7 , C-Load op amps include devices from the 7pA, FET- Specifications for the table shown are low cost grades 
input LT1457 to the 70MHz, 1000V/psec LT1363. in plastic DIP. Prices for our C-Load op amps start as 
The LT1206 with its 250mA minimum output cur- low as $1.05 for the LT1097CN8. For details, contact 


rent has enough drive to slew 10,000pF at 50V/us. Linear Technology Corporation, 1630 McCarthy Blvd., 
Precision instrumentation applications? The LTC1152 Milpitas, CA 95035/408-432-1900. For literature 
rail-to-rail input and rail-to-rail output zero drift op only, call 1-800-4-LINEAR. 


amp provides 10nV max offset as 
well as C-Load driving. 


J NYU 


FROM YOUR MIND TO YOUR MARKET 
C-Load is a trademark of Linear Technology Corporation. AND EVERYTHING IN BETWEEN. 
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EDN-DESIGN IDEAS 


EDITED BY CHARLES H SMALL & ANNE WATSON SWAGER 


Negatrons enrich filter, oscillator designs 


Aleksandr Belousov, Baltimore, MD 


The latest wave of high-performance op amps allows you to 
incorporate “negatrons” (synthesized negative resistors) 
into your oscillators and filters. Fig 1 shows the universal fil- 
ter/oscillator circuit based on a simulated lossy inductor and 
a negative resistance, which compensates the lossy inductor. 
Note that the circuit has no physical inductors. The perfor- 
mance of this circuit is very predictable and repeatable. 

Op-amp IC, and its associated components form a gyrator 
that simulates the inductance L,.=C,R,R,. Paralleling L,, 
with C, forms a parallel-resonant LC tank circuit. Op 
amp IC, and its associated components form the negatron 
that simulates a negative resistance, 
(Kh BLK. 

Fig 2 shows the simplified equivalent 
circuit of Fig 1’s circuit. Obviously, to 
obtain continuous oscillation from IC,’s 
simulated tank circuit, you must trim 
its shunt resistance to zero or a nega- 
tive value. Otherwise, oscillations 
would simply die out. IC,’s negatron 
cancels the tank circuit’s shunt resis- 
tance. 

One further detail: To stabilize the 
amplitude of oscillation, you must 
implement a nonlinear circuit in IC,’s 
negatron. The simplest solution is the 
diode clamp, comprising D,, D,, and R,, 
in parallel with Fig 1’s R.,. 

Configured as an oscillator, the cir- 
cuit produces a 1V-rms, 1-kHz 


SIMULATED NEGATIVE RESISTANCE 


DIODE CLAMPING 
CIRCUIT 


EQUIVALENT NEGATIVE RESISTANCE 


sinewave having <1% THD at OUT,. OUT, produces a 0.7V- 
rms sinewave, 90° phase-shifted from OUT,’s signal. The 
inexpensive LM358s in Fig 1 work fine up to 100 kHz. For 
higher frequencies, you have to use faster and more expen- 
sive op amps. 

To configure the circuit as a filter, first remove the clamp- 
ing diodes and R,, and then disconnect the input IN from 
ground. Next, trim R, to more than 7.5 kQ. You can use 
OUT,, OUT,, or both, simultaneously. OUT, is a bandpass 
output, and OUT, is a lowpass output; OUT, is still 90° phase- 
shifted from OUT,,. 


EQUIVALENT INDUCTOR WITH LOSS 


Fig 2—These two basic building blocks allow you to design oscillators and filters that incor- 
porate no physical inductors. 


SIMULATED INDUCTOR 


7 LM358N 


Fig 1—These simple circuits implement a negatron and a gyrator. The gyrator and C, form a resonant tank circuit. The negatron cancels the 


gyrator’s shunt resistance. 
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With R, set to 10 kO, Fig 3 shows the 


FREQUENCY RESPONSE (OUT,) 


circuit’s response to a 0.5V-rms input. 


The filter’s maximum resonant amplifi- 


cation is approximately 18 dB at the 1- 


kHz center frequency, f,. You can 


adjust f, by varying R,, R,, C,, or C,,. 


Varying R, adjusts the filter’s Q factor 


separately from its f,. (DI #1560) 
EDN 
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Fig 3—Configured as a filter, Fig 1’s OUT, 
output is a bandpass-filter output. 


FREQUENCY (Hz) 


Op-amp rectifier signals input state 


Lee E Scaggs, High Country TEK, Nevada City, CA 


The op-amp rectifier in Fig 1 operates from a single supply 
and provides a logic output and an LED that indicate the 
state of the input voltage. The input-state indications are 
handy for calibration. 

Because the circuit operates from a single supply, the 2.5V 
reference determines the level around which the circuit rec- 
tifies input waveforms. 

In operation, if the input is above the 2.5V reference level, IC,,, 
acts as a follower. Therefore, the inputs to R, and IC,,,’s nonin- 
verting input track the input. IC,,,’s output also tracks the input 


signal. The output of IC,,, acting as a comparator, goes to OV. 


+4.5V | INPUT 
+2.5V (QO 
+0.5V 


OUTPUT 
+2.5V (O 
+4.5V 


+4.5V 


If the input goes below the 2.5V reference level, IC,,’s 
output goes positive, clamping its inverting input to the 
2.5V reference (plus or minus the input offset). IC,, now 
becomes a gain-of-1 inverter. IC,, lights the LED and, with 
the help of D, and D,, provides a high logic-level output. If 
you need a higher output logic level, add another diode to 
the D,/D, string or change D, to a low-value Zener diode. 
(DI #1561) EDN 
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D, D, 
1N4148 1N4148 


3.9V = NEGATIVE INPUT 0 
OV = POSITIVE INPUT 


REF 2.5V 


Fig 1—This op-amp rectifier has no diodes in its rectifying circuit (D, and D, help provide a logic-level output) and provides an LED and logic 


output as an aid to calibration. 
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Superior 
on-resistance at 4.5V. 
At a minimum of 
30 milliOhm Rpg (oy) at 
4 5V Veg, our new family of 
N-and P-channel MOSFETS 
features superior on- 
resistance. And that leads to 


mses fl 


a ts +e + te 


HE PATH OF LEAST RESISTANCE. 


significant power savings in 
low-voltage designs. The 
industry’s only true logic- 
level, surface-mount power 
MOSFETs also give you 
higher drain current output 
and very high cell density. 
They’ re ideal for battery- 
powered applications, 
including notebook computers 


and mass storage systems. 


The DMOS 


<— <+— + +— + «+ + + <+— 


SO-8 


FROM NATIONAL 


SEMICONDUCTOR 


To find the MOSFET that 
best fits your needs, 
call 1-800-272-9959 
for a free SO-8 Power Manage- 
ment Design Selection Guide. 
And lower your resistance 


to switching at 4.5V. 


(V 


National Semiconductor 


©1994 National Semiconductor Corporation 
All rights reserved. 
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All-digital circuit fires triacs 


Robert Trescott Jr, GTE ImagiTrek, Carlsbad, CA 
[BBS] | The simple digital circuit in Fig 1 allows a pP to 

wee control ac power precisely without using any dig- 
_ ital-to-analog circuitry. 

m= = [n operation, binary-comparator IC, compares 

a dats word held in latch IC, to the output of a Speke counter, 
IC,. The system’s controlling computer loads the desired 
data word into IC,. 

A 1-MHz clock drives IC,, providing very fine timing res- 
olution for 50- or 60-Hz power. At the ac power’s zero cross- 
ing, optoisolator IC, clears ripple counter IC,, synchronizing 
the ripple counter with the ac line. At the zero crossing, the 
binary comparator’s output also goes inactive. The binary 
comparator’s output controls an isolated triac driver, IC.. 


LATCH NEW DATAQ 


O 
N 


DATAINPUT ® 


O 
° 


ae ere 
IO 
ae 
ow JO 


—_ 
—_ 


ZERO 
CROSSING 


@ 

120V-AC 

INPUT. ns Es 
@ 


ie 


After the next zero crossing, the counter proceeds to count 
up. The binary comparator holds its output inactive until the 
count exceeds the latched data. The triac then switches on 
for the duration of the ac half-cycle until the next zero cross- 
ing occurs. 

You can add more ac power-control channels by replicating 
the latch, comparator, and triac driver. The clock’s ripple 
counter can drive several channels at once. Inserting an 
EPROM or a PAL device between the ripple counter and the 
binary comparator allows you to generate exponential, loga- 
rithmic, or arbitrary waveforms. (DI #1562) EDN 
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f 
E T A TRIAC'S GATE 


IC; 
MOC3010 


| 
| 
TRIAC'S RESPONSE | 


TRIAC OFF 


__| DATA WORD = 80, 
_ P>Q LEVEL 


8.3-MSEC PERIOD 
ZERO CROSS 


© 


CLOCKING 


Zax 


32 USEC 


COUNTER Q, = /32 
1-MHz CLOCK/Q, = 31,250 kHz = 32 uSEC 
8.3 MSEC PERIOD/256 = 32 uSEC 


Fig 1—By comparing a preset digital word to the output of a ripple counter synchronized to the ac power, this circuit allows a |.P to pre- 
cisely control an ac load without resorting to digital-to-analog circuitry. 


Simple timer exploits op-amp bias current 


Aleksandr Belousov, Baltimore, MD 


The simple, low-cost analog timer in Fig 1 exploits the para- 
sitic input-bias current of op-amp IC,. The timer achieves 
long time delays even though it uses only low-value, inexpen- 
sive ceramic chip capacitors. After all, because the input-bias 
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current 7s the minimum current flow into an op amp, this 
method produces the longest time delays possible from a 
given capacitor and op amp. 

In operation, the op amp’s inverting input draws an input- 


HIGH RELIABILITY 
MINIATURE MIXER 

The new ZP-11A mixer from Mini-Circuits 
offers space-saving miniature construction 
plus ultra-high reliability backed by a five- 
year guarantee. 

Frequency range is 1400-1900MHz RF/LO, 
40-500MHz IF, and conversion loss 
specifications are statistically controlled to 
better than 4.50 from mean. 

Conversion loss is flat (0.6dB typical) over 
the full range and 1dB compression is 1dB 
typical. 

The unit is housed in a miniature connec- 
torized package. 


CIRCLE NO. 93 


NEW MIXER OFFERS WIDE 
FREQUENCY COVERAGE 

The SBL-173SH mixer from Mini-Circuits 
provides a wide frequency coverage of 
5-1200MHz, as well as 1dB compression 
of 14dBm typical. The device also boasts 
excellent isolation performance: L-R and 
L-| are both 35dB typical. Absolute maximum 
power ratings are: RF power 200mW; IF 
current, 40mA. Operating temperature 
range is -55°C to +100°C. 


CIRCLE NO. 102 


HIGH POWER 8-WAY 
COMBINER/SPLITTER 

Ideal as a power combiner in VHF trans- 
mitter applications, the ZB8CS-950-32W 
from Mini-Circuits features low insertion 
loss (0.4dB typical) and high 30dB isolation 
plus 32W performance. This is combined 
with amplitude unbalance of only 0.1dB 
and phase unbalance of only 1.0°. 

Over the -55°C to +55°C operating tem- 
perature range for full power, derating is 
linear to 20% at 90°C.BNC connectors are 
standard with SMA and type N options. 
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REFERENCE 
GUIDE 


740 Pages 


FREE! 


Call — 
718 934-4500 
Fax 718 332-4661 
CIRCLE NO. 104 


NO.5 
RF/IF MICROWAVE COMPONENTS 


POWER SPLITTER FOR 
RADIO/TELECOMMS 

With a wide 800-1000MHz bandwidth, the 
SCP-4-4 is a new high-performance sur- 
face mount 4-way power splitter designed 
for telecommunications, radio and remote 
control applications. 

Features include high isolation (24dB 
typical) and low insertion loss (0.9dB 
typical). Inout VSWR is typically only 1.3:1 
and 1.15:1 at output: Maximum ratings 
are: O0.5W power input, 0.125W internal 
power dissipation. 


CIRCLE NO. 105 


50Q. PULSE AMP OFFERS 
WIDE BANDWIDTH 

The wide bandwidth of the new ZPUL-21 
50Q pulse amplifier from Mini-Circuits 
makes it ideal for high performance 
applications such as computers, digital 
communications and medical test set ups. 
Bandwidth is from 2.5kKHz to 7OOMHz, 
usable up to 1GHz and flatness charac- 
teristics are excellent at +0.6dB typical. 
Combined with an excellent rise/fall time of 
1.1ns, this means the 24V, 350mA unit 
can handle wide pulse width up to 15us 
typical. Performance features also include 
a typical delay time of 1.5ns and inverting 
configuration capability. Standard operat- 
ing temperature range is -20°C to +65°C. 


CIRCLE NO. 106 


LC] Mini-Circuits 


P.O Box 350166, Brooklyn, New York 11235-0003 (718) 934-4500 Fax (718)332-4661 
For detailed specs on all Mini-Circuits products refer to * THOMAS REGISTER * MICROWAVE PRODUCT DATA DIRECTORY « EEM ¢ MINI-CIRCUITS’ 740- pg. HANDBOOK. 


CUSTOM PRODUCT NEEDS...Let Our Experience Work For You. 
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bias current, I,, from resistive divider R,/R,/R,. The voltage 
at the R,-R, junction is V,,,,,. A current approximately equal 
to I, also charges capacitor C,, producing a linear voltage 
ramp. 

Assuming that C, is initially discharged (by pushing SW,), 
the delay time that IC,, functioning as a comparator, takes to 
change state equals V,,.,.XC,/I,. And, as a first approxima- 
tion, this time constant is independent of I,,. While IC,’s out- 
put is low, it briefly lights the lamp L, via Q,, SCR,, and asso- 
ciated components. 

This circuit configuration takes care of newer op amps 


TIMING CIRCUITRY 


whose input-bias current is less than 1 nA. Otherwise, for 
older, high-input-bias-current op amps, just wire the invert- 
ing input of the op amp to ground directly through a resistor. 
The resulting circuit’s time constant would be that resistor’s 
value multiplied by C,’s. However, for today’s low-input-bias- 
current op amps, the value of this grounding resistor would 
have to be exceedingly high to produce usable time constants. 
(DI #1565) EDN 
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POWER-CONTROL MODULE 


Fig 1—Exploiting the tiny input-bias current of op-amp IC, to charge C,, this simple timer circuit produces the longest possible delays for 


a given op-amp/capacitor combination. 


Speedy Spice subcircuit models lossy line 


Patrice Tesson, Laboratoire IXL, Bordeaux, France 


y Fig 1 (or its equivalent, Listing 1) is a simple and 
efficient Spice model for a transmission line with 
| constant resistive losses. The model is an exten- 

mmm sion of the Spice transmission-line model (desig- 
nated Txxx). 

Some commercial versions of Spice offer models for lossy 
transmission lines. However, these models are lumped-ele- 
ment models. These models require many cells to give accu- 
rate results for relatively long delays. Having many cells 
causes long calculation times. 

The model in Fig 1 executes quickly, is compatible with 
any Spice-type commercial program, and is a very interest- 
ing alternative to the lumped-element models. 

A trace’s length, ln, and parameters Ll, Cl and Rl—induc- 
tance, capacitance, and resistance per unit length, respec- 
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Fig 1—This Spice subcircuit models a lossy transmission line. 


NEW PROPRIETARY ARCHITECTURE 
OBSOLETES ALL OTHER 3V RS-232 ICs! 


3V Voltage Doubler Reduces Power 20 Times Using Four, 0.1pF Caps 


Voc 
30V TO S5V 


+6.0V 


> +5V 
0.1uF TO RS-232 
-6.0V LEVELS 
INVERTER 


0.1pF 


a 
MAX3241 Architecture 


The new MAX3241’s proprietary, low-dropout output stage enables true RS-232 performance 
from a +3V supply using a voltage doubler, instead of a power-hungry voltage tripler or a 
respecified +5V IC. The complete 3 RS-232 driver, 5 RS-232 receiver serial port uses 4 tiny, 
inexpensive 0.1uF external capacitors and is guaranteed to run at data rates up to 120kbps 
while maintaining +5V RS-232 output levels. 


FEATURE tgs Sees MAXIM MAX3241 VOLTAGE TRIPLERS RESPECIFIED +5V 
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The next 12-bit ADC 
standard drives speed /power 
performance to new heights. 


THE CS5032 DELIVERS 
500kHz FOR ONLY 55mW 


685 


covweebT€1275 _aps7goo....MAX120 


Sample Rate/Power Ratio* (kHz/mW) 


AD7870° o MAX122 


200 400 600 


Sample Rate (kHz) 
“Datasheet specifications for -55°C/125°C 
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tively—define the model. You must enter the line’s parame- 
ters in the subcircuit’s CALL statements this way: 


Xyyy in ref out RLINE Ll = val Cl = val Rl = val In = val 


The model’s basis is the first order of the frequency-depen- 
dent characteristic-impedance and exponential-propagation 
function of a lossy transmission line. This model is valid for 
high frequencies and corrects for the line’s de response. The 
model is very accurate for an interconnection that acts as a 
low-loss transmission line only if 


t.<8xInXVLI1xCl 
and 
RIXIn<2vVLI/Cl, 


where t, is the switching time of the fastest signal. Be care- 
ful if you use the model for other cases. (DI #1566) EDN 


To Vote For This Design, Circle No. 405 


Listing 1—Transmission-line model 
with constant resistive losses 


.SUBCKT RLINE nl g n2 
.PARAM Z2 = ‘sqrt (L1/C1) ’ Yin ‘= YER] *<in" td = ‘sqrt (L1*Cl) *1n’ 
+ a= ‘rln/(2*Z2)' b = 'exp(-1*a)’ c = ‘'td*(1l+a)’ 
+ ep = ‘c/rin’ cfl= '2*b*c’ cf£2 = '2*c*(2-b) 
X1 ni. i al 
Va 120 

Evwa 2g912g1 

Fia g 3 Val 

Eval 

Ra 3 

Eva2 
X2 5 

Evwb 
Vb 7 
X3 8 n2 

Fib 9g 

Evb1 10 

Rb 9 10 
Evb2 11 
X44 1g 

. SUBCKT 

PT: 2 ee: 50 Td = td 
Re 2 g 50 
El 3.g,2°9 2 
REi-3.-420:55 
Cfl- 3:4 chi 
REQ 49g O25 

CE2=4 gq .cE2 

. ENDS 

;SUBCKT 1-3 

Rag tia) 42 

R2.2.-3. rin 

Cl 253ep 

. ENDS 

. ENDS 
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Ete This icon identifies those Design Ideas that have 
computer-readable material posted on EDN’s 
| bulletin-board system (BBS). Call our free BBS 
at (617) 558-4241 (800/1200/2400 8,N,1). Not every 
Design Idea has downloadable material, but each one 
does have a BBS number printed at the end of it. If you’d 
like to comment on any Design Idea, include the number 
in the subject field of your message. 


100MHz RGB VIDEO SWITCHES 
INCLUDE 75¢2 OUTPUT DRIVERS 


Switch Between Two RGB Channels in 20ns, Directly Drive +2.0V into 75Q 


¢ 100MHz Bandwidth 
MAX463/MAX464 (Av = 1V/V) | : “MAxae6 


¢ JOMHz Bandwidth 
MAX465/MAX466 (Av = 2V/V) 


300V/"s Slew Rate 
Hi-Z Output State 
OpF Input Capacitance aa , jw SYNC OUT 


+2.5V Output Swing Into 
1500 


The MAX463-MAX466 are four new +5V video ICs that switch between two RGB or RGB + Sync channels 
and include 100MHz output drivers. For design flexibility, the triple (RGB) or quad (RGB + Sync) versions 
are available with either unity-gain or fixed gain-of-two drivers for driving back-terminated coaxial cable. In 
addition, a high-impedance disable mode reduces supply current and allows multiple switches to be par- 
alleled in larger networks. 


Simplify Video Routing with Maxim’s New RGB Switches 
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¢ $= &©6hlUD 
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(V/V) | ey _| (RL=759) Bice 
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0 APS <i ARAN) 3 FREE Op Amp/Video Design Guide—Sent Within 24 Hours! 
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The Nucleus of an Embedded System. 


NPC-436 


PC/AT SINGLE BOARD COMPUTER 


ACTUAL SIZE 
5.75" X 8" 


Made in the U.S.A. 


EPTIONAL SUPPO 
IN AVAILABLE. 


e 


HAYWARD . CA $45¢ 
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A NONTRADITIONAL 
APPROACH TO EMI 


EDN’s DESIGNER’S GUIDE TO ELECTROMAG- 
NETIC COMPATIBILITY can help alleviate any 
electromagnetic interference problems you may 
encounter. With more than fifty years of collec- 
tive experience under their belts, Daryl Gerke and 
Bill Kimmel focus on practical insights and ideas 
about EMI to help you identify, prevent, and solve 
your EMI problems as you design your equipment. 
sme Topics include: noise and interference, EMI regula- 
eT tions, power disturbances, circuit boards, ground- 
“!/ ing, and troubleshooting. 88 pages. 
Please send me copies of EDN’s DESIGNER’S 
GUIDE TO ELECTROMAGNETIC COMPATIBILITY@ $19.95. 
Sales tax (orders shipped to these states must include 
applicable sales tax : CA, CT, MA, Nu, NY) 


Shipping: $3.50/copy (US), $15/copy (foreign), $3.00/additional copy 


aE PRON 
, Des Plaines, IL 60018 


O) My check is enclosed payable to Cahners Reprint Services 


Charge my credit card: (J MasterCard UO Visa UW Amex 


CREDIT CARD # EXPIRATION DATE SIGNATURE 


NAME COMPANY 
ADDRESS 


CITY ZIP 
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SOFTWARE SHORTS 
6805 Cs perform 32-bit math 


Bill Lucas, Motorola 
Richmond, VA 


The math package in the ZIPfile attached to EDN BBS 
/DI_SIG #1570 allows 6805 Cs to perform unsigned, 32-bit 
math. The subroutines contain the source code for add, sub- 
tract, multiply, and divide routines. 
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Command-line collector 


meticulously classifies flags 


Vladimir Bochev, Institute of Informatics 
Sofia, Bulgaria 


The C command-line collector in EDN BBS /DI_SIG #1410 
classifies everything on the command line after the pro- 
gram’s name. With this routine, users no longer have to both- 
er with abstruse parser-friendly restrictions, such as just 
where to put flags in the command line. 
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These Software Shorts listings are too long to reproduce 
here. You can obtain the listings from the Design Idea 
Special Interest Group on EDN’s bulletin-board system 


(BBS): (617) 558-4241, 300/1200/2400 8,N,1. From Main 
Menu, enter ss/DI_SIG, then rknnnn, where nnnn is the 
file referenced above. 


FEEDBACK AND AMPLIFICATION 


Corrections 


In Design Idea #1426, “Ring oscillator measures cable 
length,” (EDN, May 12, 1994, pg 90), a 100m cable yields a 1- 
MHz oscillation frequency, not 600 MHz as stated in the text. 
EDN regrets that the names of the Design Idea’s coauthors, 
S Paasch and K Mentzer, were inadvertently omitted. 


In addition, the circuit diagram for Design Idea #1417, “Com- 
parator improves regulator’s efficiency” by Christophe 
Basso (EDN, April 28, 1994, pg 72), contains an extra con- 
nection dot. Delete the connection dot that joins the trace 
from C, to R, with the trace that runs from IC,’s RT/CT pin 
to the 22-nF capacitor. 


In “Monitor follows PC’s power-on self-test,” by Jerzy Chrza- 
szcz, (EDN September 16, 1993, pg 124,) the signal labeled 
LOW should be IOW. 


In “Comparator improves regulator’s efficiency,” by 
Cristophe Basso, EDN April 28, 1994, an erroneous con- 
nection dot joins the trace running between IC,’s RT/CT 
pin and the 22-nF capacitor with the trace running from R, 
to C.,. 


3757/7 West Touhy Avenue 
Lincolnwood, IL 60645 
708 675-1760 e Fax: 708 673-2850 
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If you’re finding it difficult to get 
the capacitor you need, it’s time to 
talk to Illinois Capacitor. 


IC starts by helping you select the 
right capacitor for your application 
and budget. That’s very important, 
because only one capacitor will 
provide the optimum blend of 


_€,~ >. performance, reliability and cost 


Our easy-access engineering 
ssistance is the place to start 
me and money. Also take 
advantage of /C’s huge inventory, 
local distributor support and fast 
delivery. 


Call /C or your local /C distributor 
today. 


Samples available upon 
request 


Ask for FREE Capacitor 
Engineering Guide 
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Intel Flash Memory is shipping in high gear. Our 
factory capacity is up. Our prices are coming down. 
And we’re leading the industry in flash technology. 

The shortage is 
over. With three flash 


factories now on line, 
Intel can support both 
your immediate and 
long-term needs. In fact, 
our sub-micron process 


Mit 


“91 
“gt hind 


4? 


ee et ‘ 


in each factory allows us to provide multiple sources 
for our flash products to ensure delivery. 

What’s more, our new capacity is so huge, we’ ll 
outsupply all other 
flash manufacturers. 
Combined! 

We’re also growing 
the market by driving 
down flash prices, 
making Intel Flash 


© 1994 Intel Corporation. ‘Based on 9/93 Dataquest forecast of total flash units to ship in 1994. 
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but now you'll also save a ton. 


Memory a viable option for virtually any new design. by far the broadest, most technologically advanced 

In fact, since Q4 ’93, we’ ve dropped prices by as line of flash products in the industry. 

much as 31 percent. And by the end of the year, the So if you’re ready to load up on flash memory, 

volume price for our 120ns, 8Mb FlashFile™ devices call 1-800-879-4683, ext. 101 for complete informa- 

will be as low as $20. tion. Because Intel is more than ready to deliver. 
This is an opportune time to get the design wheels 

rolling, too. Because you can now purchase one hun- 

dred 8Mb devices for just $25 each. 


@ 
With chips from 256Kb to 32Mb, to PCMCIA i Nn 
Flash Cards and ATA Flash Drives, Intel also gives you ® 
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1m up great designs using our shouldbe sureto 
microcontroller. Including the oe the exciting Philips: 


For the low price of just 
- shipping), the Philips DS-750 gives you all the derivatives Uy 
| : hardware, software and documentation September 30, 1994. If it turns our judges on 
2 their heads, you could win the Camaro ora _ 
coloror monochrome laptop computer. 


So turn it up. Use your credit card to order 


the DS-750 today. We'll also send you more infor- 


microcontrollers. mation on this incredible design contest: 


-800-447-1500, ext. 120 DN 


© Philips Electronics North America Corporation, 1994 
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Asynchronous conversion 


thwarts incompatibility 


in sampling A/D systems 


Robert Adams, Analog Devices Inc 


By using asynchronous sample-rate conver- 
sion, you can eliminate the problem of repeat- 
ed or dropped samples that can occur when 
interconnecting systems with incompatible 
clock rates. 


A technique known as “asynchronous sample-rate conver- 
sion” (ASRC) solves two problems you commonly encounter 
in communications between digital systems. An ASRC sys- 
tem acts as a universal buffer between incompatible audio 
sample rates and solves the problem of communication 
between systems where both try to act as clock “masters.” 

Before going into the details of ASRC, it’s useful to explore 
the rationale behind its development. Digital audio has pro- 
vided the major impetus. A decade ago, most audio signals 
were recorded, stored, and delivered in analog form to the 
end user. Today, the trend is to use digital techniques wher- 
ever possible to avoid the loss of signal quality that inevitably 
occurs with analog technology. An obvious example is the 
modern CD player, where the superb signal quality of digi- 
tal sound has found nearly universal acceptance as the new 
standard for music distribution. 

In the early days of digital audio, interconnection between 
pieces of equipment was implemented mostly in the analog 
domain, and each part of the chain came with its own A/D and 
D/A converters. For example, the digital output of a CD play- 
er is first converted to analog form, then sent to a preamp for 
further processing. Inside the preamp, an A/D converter 

often converts the signal back to digital form to perform spe- 
cial effects, such as ambience enhancement (reverb), digital 
equalization, or Dolby surround-sound decoding. It did not 
take long to realize that a direct digital connection between 
components would eliminate the redundant A/D and D/A 
converters and consequently improve the signal quality. 

As digital interconnection between components becomes 
more common, a new problem frequently arises: synchro- 
nization. For example, assume you wish to send a digital 
audio signal over a synchronous network. The network must 
act as the clock master: It requests data at a fixed rate from 
the data source (Fig 1). The data source is most likely pro- 


ducing data at a different sample rate from that of the net- 
work and wants to act as the clock master. If the two systems 
are connected with no attempt at synchronization, then sam- 
ples may be repeated or dropped, depending on whether the 
network rate is higher or lower than the sample rate of the 
source. This example shows that it’s not easy to interconnect 
two systems when both want to be the clock master. 
Another example of synchronization’s causing problems is 
a system in which you need to mix multiple sources with 
incompatible sample rates digitally. Fig 2 shows a typical 
mixing console for which all the inputs are in digital form. 
You can synchronize many of the input sources to a common 
studio reference generator, but often one or more input chan- 


__ SYNCHRONOUS NETWORK _ 


CLOCK (44.1kHz) CLOCK,SUPPLIED _ 
BY THE NETWORK; 
NOT SYNCHRONIZED 
_ =fOolemALscuRceE _—SstCTN 


SOURCE WAVEFORM pl 


ee a ee ee v z 


pone 
—— a sepa eee we 


NETWORK CLOCK 


Fig 1—Connecting a master-only digital source to a synchronous 
network can fesal in skipped or repeated samples, depending on 
whether the network clock is higher or lower than the sample rate 
of the source. 
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ASYNCHRONOUS CONVERSION 


nels come from sources that cannot operate in a clock “slave” 
mode (for example, consumer CD or digital-audio tape sig- 
nals, as well as audio from network connections). Again, this 
disparity in sample rates causes repeated or dropped sam- 
ples to occur at regular intervals, resulting in audible errors. 

In many cases, sample rates are nominally the same, but dif- 
fer by the accuracy and tolerance of the internal clock genera- 
tors. Again, because both the sender and the receiver are clock 
masters, repeated or dropped samples occur. Table 1 summa- 
rizes some of the most popular audio sample rates and where 
they are used. If we want to include multimedia and networked 
audio applications, the list would become even longer. 


Sync vs async sample-rate converters 

Fig 3 shows the difference between synchronous and asyn- 
chronous sample-rate converters. In a synchronous convert- 
er (Fig 3a), the user sets the frequency ratio FS,,,/FS,, 
explicitly, and the converter then produces output samples at 
the requested rate. The frequency ratio for such a device 
must be a rational number and is usually expressed as a ratio 
N/M. To keep the hardware compexity reasonable, N and M 
are usually quite small because using large values entails a 
large number of stored interpolation coefficients. 

While a synchronous sample-rate converter is often useful, 
its output is still a clock master and thus does not solve any 
of the problems. What you need is an asynchronous sample- 
rate converter (Fig 3b), which provides correctly interpolat- 
ed output data when requested from an external clock signal. 
The output sample-rate clock signal is now an input to the 
device, and the rate converter produces data upon request. 
The output is, therefore, a sample-clock slave, solving the 


Fig 2—In this digital mixer with “wild” feeds, the unsynchronized 
sources could include CD or digital audio-tape players, satellite 
feeds, LAN connections, and other sampled-data systems. Because 
the unsynchronized sources can not operate in slave mode, repeated 
or dropped samples are inevitable. 
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problem of interconnection between multiple systems that all 
want to be the clock master. 

For example, Fig 4 shows a solution to the digital mixing- 
console problem in which each “wild,” or unsynchronized, 
input uses an ASRC. The output clock of each ASRC ties to 
the internal system clock of the mixer. The input clock to each 
ASRC is derived from the serial input stream of each chan- 
nel, using a PLL. The ASRC effectively decouples the inter- 
nal and external sampling rates, and makes digital intercon- 
nection as easy as the analog interconnection of yesterday. 


Synchronous rate-conversion theory 

A synchronous sample-rate converter applies an explicit 
sample-frequency ratio F'S,,,/FS,, of N/M, and samples are 
then produced at a rate that is locked to the input rate. The 
ratio (both N and M integers) must be rational; furthermore, 
N and M should be quite small to avoid the requirement of 
large coefficient storage. From a signal-processing point of 
view, synchronous sample-rate converters are quite simple. 

Fig 5 shows an example in which N/M=4/3. First, an inter- 
polation by a factor of four takes place. This is done by insert- 
ing three zero-valued samples between input samples, which 
increases the sample rate by a factor of four. A digital filter 
for the higher sample rate of FS, x4 then removes the 
images. The digital filter’s cutoff frequency is less than half 
the input or output sample rate, whichever is lower. The out- 
put of this filter is then decimated by three, a process that 
involves simply discarding two of every three samples at the 
output of the interpolation filter. 

Fig 6 shows the direct-convolution model of an interpola- 
tion filter for N=4. The zero-stuffing causes only a subset of 


Fig 3—1n a synchronous sample-rate conversion system (a), the user 
sets the frequency ratio explicitly to a rational number; in an asyn- 
chronous system (b), the ratio is sensed from user-supplied clocks 
and can be irrational, asynchronous, and even time-varying. 
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the filter coefficients to be used in the calculation of any out- 
put sample. This observation leads to the “polyphase-filter” 
model, in which the filter coefficients split into n separate 
FIR filters (Fig 7). Each “tick” of the input clock produces 
four simultaneous outputs. These values are then read out 
sequentially at the rate FS. XN, resulting in the same 
sequence of output values as that of the original interpola- 
tion filter. 

Because each subfilter uses the same stored input data, 
you can store this input data only once in a common RAM. 
This technique reduces the required amount of RAM 
because you do not need to store the zeros that were concep- 
tually inserted in the interpolation. Also, the computation 
rate goes down becase the digital filter’s multiply-accumu- 
late automatically skips zero-valued stored data values. 

An obvious simplification of this technique is to compute 
only those outputs that decimation does not discard. You can 
use a simple formula to select the correct polyphase-filter 
branch for each requested output. To produce the Kth output 
sample, the branch index Bk is Bk=KM mod N. 

An integrator that advances by M every time an output is 
computed, with a modulus of N can produce the branch-selec- 
tion index. You can then simplify conversion to an FIR filter 
with N sets of coefficients, where you choose the correct set of 
coefficients each output sample according to the above equation. 
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Fig 4—The ASRCs in the unsynchronized channels solve the problem 
of dropped or repeated samples inherent in the wild-feed system of 
Fig 2. The input clock to each ASRC is derived from the serial input 


Asynchronous sample-rate-conversion theor . 
: . sf stream of each channel, using a PLL. 


You can extend the described interpolation/decimation 
model to asynchronous conversion by 
simply making the interpolation ratio | 7 = - ee ae 
extremely large (Fig 8). As the inter- | ae i  ppeguency 
polation ratio increases, the correlation oes ee 
between adjacent interpolated output | | = =O 
samples becomes so high that the | | ~~ 


ORIGINAL SIGNAL 
ee 


POPULAR AUDIO SAMPLING RATES 
AND APPLICATIONS 
Sampling = 0 re 
44 eb. Dee digital 
Qo |  eiaepe, 


© ZERO-STUFF(UPBY4) jp 


ee... | DCC dijlalaudio  - 
| _ tape, MAC, NICAM, 
1 OeR ° 2. 
SS .,rti“C:™OCSCOCOCOC™CO FILTER (REMOVE IMAGES) 
| Professional audio, “265 | : 
| digitalaudiotape, 
“| DOU, OAR SVS... 


FnE@ FS_interp 


a 


ee OC © _ DECIMATEBY3 


| Go weviemende) 


op eee) 


|| Usmatic videocassette 
| Coding = 


agen "Digital FM-stereo Ba Fig 5—This synchronous sample-rate conversion example uses an N/M ratio of 4/3. It 
— —— F decoders ==———|_—sreconstructs the input signal through interpolation by four, digital filtering, then decimation 


EDN July 21, 1994+85 


ASYNCHRONOUS CONVERSION 


AlFsin | 


Fig 6—This hardware model for effecting an interpolation by four uses a shift register running at four times the input clock frequency. The 


zero-stuffing operation causes only a subset of the filter coefficients to be used in the calculation of any output sample. 


worst-case change between one interpolated 
sample and the next is smaller than an LSB 
of the desired output word length. The 
resampling simply grabs the “nearest” 
interpolated output when the user-supplied 
output clock requests an output sample. 

By using such a high interpolation ratio, 
the interpolated signal resembles an analog 
signal for all practical purposes, and the 
resampling process at the new output rate is 
no different from sampling the original ana- 
log signal at the new rate. 

To achieve 16-bit worst-case performance, 
you must use an intepolation ratio of 65,536. 
You must use the polyphase-filter hardware- 
reduction techniques to avoid a huge compu- 
tation rate. The length of each polyphase filter 
does not increase with the interpolation ratio, 
but the number of parallel polyphase-filter 
branches becomes very large for high-quality 
interpolation. For example, the AD1890 sin- 
gle-chip ASRC (see box, “A silicon solution for 
ASRC”) uses 65,536 sets of polyphase filters, 
each with 64 coefficients. The IC uses a com- 
pression technique to reduce the required 
internal ROM to store these coefficients and 
uses on-the-fly decompression hardware dur- 
ing multiply/accumulate. 

Previously, we saw how you can generate 
a sequence of polyphase branch indexes in 
the synchronous case where N and M are 
explicitly given. In the asynchronous case, 
you must generate the sequence of 
polyphase branch-index numbers based on 
measurements of the relative phases of the 
user-supplied input and output clocks. In 
theory, you can directly measure clock- 
arrival times, but this implies that a high- 
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Fig 7—In this polyphase-filter model, the filter coefficients are split into N separate 
FIR filters. This configuration reduces the amount of RAM required because as the zeros 
that were conceptually inserted in interpolation do not need to be explicitly stored. 
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A SILICON SOLUTION FOR yk ASRC 


é one ge of A/| D to D/Acc conversion. 
tal monolithic ICs that implement a complete ; stereo, 
asynchronous sample-rate. converter are now available. The 
AD 1890 is the first such chip to enter the field. While quite com- 
plex on the inside, the chip is very easy to use from the design- 
of occ er’s perspective (Fig A). Input data comes in serial form to the 
>me cases had to device, eee a simple 3-wire interface. The L/R clock acts as _ 

pe : _ the frame syne; it indicates the start of a serial 


“the left or ‘right channel. This signght is used inter- | 
“nally to sense the input sample rate. 2 
The output signal also appears in serial form. 
The framing signal for the output L/R clock is an ~ 
input to the chip. Again, this represents the dif- 


| MASTER CLOCK 
a 16 MHz 


SERIAL IN SERIALOUT | 
i LRCLOCK 'RCLOCK ference between synchronous and asynchro- 
Brees BT AOK jae converters—an asynchronous converter 
: (OPTIONAL) (OPTIONAL) | accepts an external sample-rate clock as an 


input to the device and produces data on 
- demand. The chip requires a master clock with 
a 16- to 20-MHz frequency for proper opera- 
tion. It’s not necessary to synchronize this clock 
_to either the input or the output sample frequen- 
3 cies. . The ‘input word Spiele is 20 bits, which eas- 


he ak: or aa dee Pea with no 

error. The chip features a programmable acaui- 

sei ation to adi- sition time: In “fast” mode, the device rapidly 
tracks large step changes in the input or output 

ines oo ge ‘ 7 

sample frequencies, and in “slow” mode, it 
tracks only gradual variations. One advantage 
ne in ie slow mode is that jitter in either the input or the 
output L/R clock i is heavily filtered, allowing accurate rate con- 
version even in the presence of large amounts of clock jitter. 
In slow mode, the device attenuates jitter frequencies above 

3 Hz by6 dB/octave. This feature is important in systems in| 
which the clock must be recovered from the serial input stream. 

_ In many cases, the high- frequency losses that occur when seri- 
al data is sent over long cables result in intersymbol interfer- 
ence in the data stream. When r recovering a clock signal from 
such a signal (using a PLL), large amounts of jitter may occur 
in the recovered clock. This. jitter can cause excess noise and 
distortion if you use the jittery clock to clock a D/A converter. 

By allowing a crystal-generated local clock to 2establish a sta- 
ble internal clock, you can avoid this type of degeneration. 
_ Fig B shows the IC’s performance in signal quality. When 
converting from 48 to 44.1 kHz (two common audio rates), the 
THD plus noise (THD+N) is greater than -105 dB. For any sam- 
ple-rate converter, the worst-case input signal is a full-scale sig- 
nal at the band edge. For a 20-kHz, full-scale input signal, the 
ne, THD+N degrades to -95 dB, or 16-bit equivalent quality. 
th AD1890 ASRC chip i is about These distortion products scale with the input level: If you — 
the worst-case scenario: a reduce the input ule 20 ab, the distortion cere decrease 
a by 20 dB ¢ as oe 
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Our 
Power Module 
is Dual... 


theirs is only 


single output! 


Patent Pending 


Single Outputs $104 / 
Dual Outputs $149 


28 Standard Models / 
Special Voltages Available 


Four Series / 18-380 VDC Input 


Fixed Frequency 100kHz 
True Redundancy Operation 


The availability of DUAL ISOLATED 
OUTPUTS creates cost and space sav- 
ings in many applications. 

Fully safeguarded for over voltage, over 
temperature and continuous short circuit 
protection, these FIXED Hi-Frequency 
units minimize technical problems. 

With output voltages from 3.3 VDC to 100 
VDC, four distinct input ranges and the 
choice of single or dual outputs plus the 
capability of Parallel Operation, as stand- 
ard features, your circuit designs can be 
optimized. 

Assembled in the U.S.A. with PICO qual- 
ity components, these hi density units al- 
low the most stringent mechanical, elec- 
trical and environmental requirements. 


See EEM or send direct 
for Free PICO Catalog. 

Call toll free 
in NY call 914-699-5514 
FAX 914-699-5565 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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Fig 8—You can extend the interpolation/decimation model for syn- 
chronous conversion to asynchronous conversion by simply making 
the interpolation ratio extremely large. As the interpolation ratio 
increases, the correlation between adjacent interpolated output 
samples becomes so high that the worst-case change between one 
interpolated sample and the next is smaller than an LSB of the 
desired output word length. 


frequency several-gigahertz clock signal is available to 
achieve the required measurement accuracy. 

The AD1890 ASRC chip eliminates this requirement by dig- 
itally filtering a series of low-accuracy clock-arrival measure- 
ments. The process results in better than 200-psec time reso- 
lution, even though the master clock runs at only 16 MHz. In 
addition, the low cutoff frequency (less than 3 Hz) effectively 
rejects jitter on the user-supplied input and output clocks. 

When the sample rates are dynamically changing, the dig- 
itally filtered internal estimate of the input/output relative 
clock phases may lag behind the actual external-clock phas- 
es because of the low cutoff frequency of the digital filter. You 
could use extra RAM as an elastic store buffer in this case, 
allowing the ASRC to track dynamically changing sample 
rates without error. EDN 
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~~ Mitsubishi 1Mb Flash is in volume 
production now, for both standard and 
industrial temperature range (-40 to +85°C) 
versions and provides power-up /power- 
down data protection. The Bytewide x8 
1 Mb Flash is compatible with industry- 
standard bulk array devices. Mitsubishi 
industrydeading wordwide x16 1Mb Flash 
reduces system chip count and is socket 
compatible with x16 EPROMs/OTP ROMs. 


Mitsubishi's 4Mb Flash offers a user- 

selectable, 512K x 8 or 256K x 16, archi- 
tecture and small block size: 32 blocks 
16KB each for x8, 8K words each for x16, 
allowing finer granularity for code updates. 
An automatic program /erase feature 
enhances overall system performance by 
freeing the system CPU to perform other 
tasks and eliminates the need for update 
software timers. 


Designers can easily upgrade existing 
8Mb Flash designs to 16Mb without the 
need for q total system redesign, with the 
added benefits of faster access fime 
(100ns) at 3.3V and deep power down 
mode. Mitsubishi's 0.5 um 16Mb Flash 
offers 32 symmetrical 64KB blocks and 
comes in an industry-standard 44-pin SOP 
and a 48-pin TSOP that is pad compatible 
with industry-standard 
A0-pin TSOPs. 


Mitsubishi POMCIA- and JEIDAstandard | 
Flash cards come in densities up to 40MB. 
Standard Flash modules come in 512K x 
16, and 512K x 32 organizations. 
Custom Flash cards and modules can be 
produced to meet customer-specific needs. 


©1994 Mitsubishi Electronics America Inc., Electronic Device Group, Sunnyvale, California (408) 730-5900, Ext. 2106 
The Electronic Device Group of Mitsubishi Electronics America, Inc. is a wholly owned subsidiary of Mitsubishi Electric Corporation. Products subject to availability. 


Rewriting The Future. 


Amid all the speculation about Flash there are critical questions: What is Wordwide ond = 
the best standard? Who has enough capacity? Will Flash replace DRAMs? What _Bylewide Flash IG. 
about second sourcing? Who has wordwide devices? oe 

One thing however is certain: Mitsubishi Flash is rewriting the future. 
We're doing it by offering a wide selection of NOR Flash devices: 
Wordwide and Bytewide Flash ICs from 1 to 16Mb, PCMCIA-/JEIDA- 
standard and custom Flash cards up to 40MB, and standard and 
custom Flash modules. 

We re also rewriting the future of Flash via a joint technology 
development agreement with Hitachi. Mitsubishi and Hitachi will co- 
develop 16Mb DINOR (Divided Bit-Line NOR) and 64Mb AND devices, _ Mitsubishi Electric's 
setting the de facto, single-voltage (3.3V) industry standard for future at ie 
Flash. Plus, the Mitsubishi 16Mb Flash you design in today will be pin For Semiconductor 
compatible with, and upgradeable to the future 16Mb DINOR device, _ vironmental Issues. 

Mitsubishi Flash memories are manufactured at our own wafer 


fab facilities with deep submicron process technology in place to Rais i 
produce our 0.5um 16Mb Flash. Advanced technology partnerships with SGS- pci /Rihl-acsie Modules. 
Thomson and Hitachi help assure your second source and future Flash needs. &Cickon nissan 
VOLTAGE BLOCK 
DENSITY ARCHITECTURE BLOCK READ/ ACCESS PACKAGES ENDURANCE FEATURES/BENEFITS 
STRUCTURE PROGRAM/ERASE TIMES MIN./TYP. 


1Mb WW/12V 5p 100, 120, 150 10K/100K High Volume Production Capacity; Ind. Temp. Range (150ns); 
Power-Up/Power-Down Data Protection 
1Mb 5V/1 2Vop 100, 120, 150 Wordwide Architecture Reduces Chip Count; Socket Compatible 
With x16 EPROMs/OTP ROMs; Industrial Temp. Range (150ns) 
4Mb Small Block Size Optimized for Code/Data Storage Applications: 
(User Selectable) 16KB/8K Word each Automatic Program/Erase 
| 16Mb 2M x8 32 Sym. Blocks, 3.3V/1 Vp 100, 120,150 | SOP, TSOP 10K/100K Easy Upgrade from Industry-Standard 8MB Flash Designs: 
64KB each 100ns Access Time at 3.3V; Deep Power Down (0.5uA); 
Automatic Program/Erase 
| Flash : PCMCIA/JEIDA Custom Cards Available; FFS-Type with Memory Technology Driver 
Cards Software Support 
Flash [oO tin eee eee La 80-PIN SIMM Automatic Program/Erase; Custom Modules Also Available 
Modules | 512K x 32 eee 


In addition to rewriting the future of Flash, Mitsubishi Electric Corporation is committed to "sustainable 
development." To this end, the company has eliminated CFCs, including 1,1,1-trichloroethane solvent and 
carbon tetrachloride in manufacturing processes at all semiconductor production facilities. The company 
is committed to reducing industrial wastes by 30% in 1995, cutting energy consumed in semiconductor 
production processes by 25% by the year 2000, and is conducting R & D in recyclable packaging, as 
well as in solar power energy sources. 

For more information on Mitsubishi Flash memories, and details on environmental policies and 
activities, call 1-(800)-785-0004, Ext. B @ 408-730-5900 Ext. 2106. 
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FINALLY, THERE’S A FAMILY OF 12-BiT ADCs THAT 
WON’T ACT LIKE THIS IN YOUR SYSTEM. 


o matter how well you design 

a system, if voltages go outside the 

rails, your circuits can fry. 
That’s why Analog 


Devices now offers you a 


family of 12-bit, 


HH Se) 
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ces saeeee 
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can happen 
any time. So system-saving 
you need ADC 
overvoltage overvoltage 
protection all 
the time. protection. 


Each of our ADCs operates from 
5V supplies, has serial output, and 
offers a variety of input ranges includ- 
ing a +10V option. And each eliminates 
the need for resistors and diodes at 
the ADC input to protect against 


voltage fault conditions. 


_ADC is the smallest 12-bit 


look like to your system. 


SMALLEST 12-BiT ADC 


Our new AD7893 sampling 


A/ D converter | SPECIFICATION AD7890 
Throughput (ksps) 100 

available — _—_| hannels 8 
Power Dissipation 30 mW 


occupying Price (1000s) $10.20 


Solutions for any 
ADC problem: 
8-channel with 


75% less board space 


than any of its nearest separate MUX... 


smallest 8-pin 
SOIC package... 
lowest power 
500 ksps. 


competitors. 
8-CHANNEL MUXOUT 
If an 8-channel ADC with a separate 
MUXOUT that uses only one eighth of 
the signal conditioning circuitry sounds 
good, try our new 12-bit AD7890. 
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This is what other ADCs 


LOWEST POWER 


Coming soon, our newest family 
member, the AD7892. It’s the lowest 


power ADC available with a 


‘a 500 ksps throughput rate. 
ao7eg2 | And it offers very flexible 


500 


interfacing, with both serial 
60 mW 


$1860 | and parallel capability. 


Make sure the ADCs you use aren’t 
simply expensive fuses in disguise. 
For samples and information about 
our entire AD789X family, call 
1-800-ANALOG-D (262-5043) today. 


Or fax your request to 617-821-4273. 
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Electromagnetic theory 


imposes constraints | 


on pc-board design 


Gregory S Seltzer, Mentor Graphics Corp, and Reza Ahy and Monica Razmi, Stanford-Berkeley Associates 


An understanding of electromagnetic effects 
often leads to a better pc-board design than 

prototyping and debugging in the lab using 

traditional rules of thumb. 


Many board designers still rely heavily on prototyping 
boards and debugging them in the lab, using traditional rules 
of thumb (See box, “Modern high-speed design”). However, 
today’s increasingly complex products feature high-speed 
signals that introduce new types of timing errors. It’s becom- 
ing difficult, if not impossible, to detect, locate, and fix all 
board-level timing problems on a prototype within tight 
design schedules. The only way to manage high-speed timing 
effects is to anticipate them using electromagnetic theory, to 
include them in your timing scheme, and to budget for them 
in your layout. 

The problems associated with high-speed design are 
forcing designers to rethink their design approaches. Mike 
Williams of Hewlett-Packard (Ref 1), states “The system 
ran correctly at 95% of full speed but failed randomly at 
higher speeds. The failure location and symptoms differed 
for each occurrence. Analysis showed that some segment 
delays were slightly longer than the timing scheme and 
cycle time allowed.” These problems are typical of designs 
in which the interconnects don’t have enough design mar- 
gin to accommodate timing variations. Such variations 
stem from component timing tolerances, process variables, 
interconnect and packaging delays, and other electrical 
effects. 

Beyond ensuring product functionality, considering high- 
speed effects early in the design cycle can produce addition- 
al benefits. In Ref 2, a designer describes a feasibility study 
for upgrading a 50-MHz, 486-based board to 100 MHz. With 
the layout, the designer had to upgrade his 7-nsec SRAMs 
to significantly more expensive 6-nsec units. After closer 
evaluation, the designer constrained the physical layout to 
halve the skew and time-of-flight delay. This layout allowed 
him to use the slower and less expensive SRAMs and still 


meet the tighter timing requirements with sufficient design 
margin. 
Designing for high-speed effects doesn’t eliminate the need 
for probing; electrical and physical measurement techniques 
are important for characterizing the behavior of your inter- 
connect before design. This characterization can enable you 
to predict high-speed effects so that you can allocate them in 
your budget. Ref 3 discusses TDR and TDT measurements 
of interconnect timing effects. 


Start with a budget 

The first step is to perform a detailed timing analysis to 
determine your design margin. This procedure could include 
a critical-path analysis that identifies slack time for setup- 
and-hold constraints. You then assign priorities to these 


__[DELAY(NSEC) 


CLE-116NSEC =34NSEC 


Fig 1—This s phe example shows how to evaluate slack 
time for a critical-path analysis. 
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paths, basing the priorities on how critical the paths are in 
the system design. 

You must then allocate part of your design margin to 
physical-interconnect delay and electrical behavior. These 
interconnect effects can have many sources. For example, 
if your interconnect behaves like a transmission line, then 
you must consider speed-of-light and distortion delays, 
and you must analyze the potential effects of skew, jitter, 
and pulse-width shrinkage and growth. You must 
then allocate a budget for these physical effects and con- 
strain the layout to stay within this budget. 

As a simple example, Fig 1 illustrates a basic path analy- 
sis for a logic circuit with a 66-MHz clock. If you analyze 
strictly the intrinsic delay of the devices, you can determine 
the available slack for the setup constraint on IC,. It takes 4 
nsec for the data to propagate through IC,. If you add the 
delay through the combinatorial logic, the data arrives in 
10.3 nsec. If the next positive clock edge arrives 15 nsec 
after the first edge, and you have a 1.2-nsec min setup 
requirement, then you end up with 3.4 nsec of available slack 
time. 

The critical-path analysis for the setup condition com- 
pares the slowest data path with the fastest clock path under 
worst-case parameters for the intrinsic timing of the devices. 
This 3.4 nsec doesn’t accurately represent your design mar- 
gin. You should allocate at least 50% of this slack time to 
interconnect effects, such as skew, speed-of-light delay, and 
distortion delay. 


When is high speed an issue? 

You must analyze and control “high-speed” effects in your 
overall design so that you can make intelligent tradeoffs 
when it’s still economically viable to alter the design and lay- 
out.The obvious questions are: When is a design considered 
a high-speed design, and when should you worry about high- 
speed design problems? 


Fig 2—Various pulse shapes in the time domain exhibit different 
frequency contents, both in number of harmonics and in magnitude, 
in the frequency domain. 
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Fig 3—The equation expresses the critical length of a trace, the 
length at which the trace must be considered as a transmission line. 
This length is a function of the rise time, as shown in the table relat- 
ing critical length to various logic families. 


The answers depend on the problem. The simplest defini- 
tion of a high-speed signal path is “a path in which the wave- 
length of the signal begins to approach the physical dimen- 
sions of the interconnect.” When this scenario occurs, you 
can expect to encounter problems you previously could have 
ignored. 

Some relate the term “high speed” to the clock frequen- 
cy of the design. Although that is a leading indicator, the 
actual clock frequency does not cause the problems in high- 
speed design. Instead, the clock frequency determines the 
amount of time in which operations must complete. As this 
window becomes smaller, every picosecond becomes 
precious. 

According to market surveys, more than 50% of new board 
designs worldwide use clock frequencies of 50 MHz or 
greater. When Intel introduced its Pentium processor, 66 
MHz became a new standard clock frequency. A 66-MHz 
clock frequency represents an equivalent clock period of 15 
nsec. For a 50% duty cycle, only 7.5 nsec is available for two 
transitions and the pulse width. Therefore, designers must 
use technologies with rise times of 2 nsec or less. 

Rise time is the most critical factor in determining when 
an interconnect will exhibit high-speed effects. The digital 
signal has frequency components at the harmonics of the 
clock frequency (Fig 2). As the rise time decreases, the band- 
width of the signal naturally increases. The bandwidth of a 
digital signal is its frequency spectrum of importance; that 
is, de to the highest harmonic of the clock frequency neces- 
sary to preserve a prescribed rise time. The relationship 
between rise time and bandwidth gives a more accurate idea 
of when to treat an interconnect as a transmission line, than 
do the traditional rules of thumb. 

For proper logic operation, a digital signal needs a mini- 
mum pulse width with a monotonic edge, whose signal shape 
approximates a pulse without significant ringing. If the sig- 
nal propagates down a transmission line, any discontinuity 
would reflect part of the signal’s energy and, therefore, dis- 
tort the signal. If the rise time is fairly long, then the rising 
signal could damp out the reflected wave. If the rise time is 
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short, then these reflections would distort the driving signal 
and degrade the signal quality. 

You can prevent an interconnect from behaving as a 
transmission line. To do so, you must evaluate the switch- 
ing characteristics of the driver to determine the length at 
which the interconnect would behave as a transmission 
line. The sharper the rise time, the greater the frequency 
components generated. The frequency components, or the 
“signal bandwidth,” calculated by 0.35/tr. The equation in 
Fig 3 gives the “critical length,” or the length at which you 
must consider the interconnect must be a transmission 
line. 

For example, a 1-nsec edge would have a bandwidth of 350 
nsec. In a strip-line configuration using pc-board material 
with a dielectric constant of 4, the wavelength is 42.86 cm at 
a bandwidth of 350 MHz. Therefore, the critical length is 
approximately 2.2 cm. Fig 3 gives an idea of how critical 
lengths relate to various technology families. 

If you must consider the interconnect as a transmission 
line, then you need to have a good understanding of trans- 
mission-line theory. Based on electromagnetic theory, trans- 
mission-line theory was developed to transmit power over 
long distances. A signal in a pc-board trace creates an elec- 
tromagnetic wave that travels at a given velocity. The veloc- 
ity depends on the electrical properties of the pe-board mate- 
rial: its dielectric constant (permittivity) and its magnetic 
constant (permeability). 


Fig 4—The impedance of a trace depends on the trace width, con- 
ductor thickness, and the pc-board material in a microstrip or strip- 
line configuration. In short, it’s a function of the physical dimensions 
and the electrical characteristics of the material surrounding the 
interconnect. 


The impedance of that trace—that is, its resistance to the 
flow of energy—depends on the physical construction of the 
board and the electrical characteristics of the traces and the 
material surrounding them. Ifa sudden change in impedance 
occurs, then part of the signal’s energy reflects back. The 
refiected signal energy could potentially disturb the signal 
transmission from the driver to the receiver. 

You can minimize these reflections by controlling the 
sources that cause changes in impedance. Such changes in 
the electrical characteristics of the interconnect result 
from changes in the physical construction of the intercon- 
nect: You could change the layer, the trace width, the 
branch stub, the bond wire, or the connector. You can 
design the physical interconnect such that these changes do 
not cause significant changes in impedance. Fig 4 shows 
how the impedance of a trace depends on the trace width, 
conductor thickness, and pe-board material in a microstrip 
or strip-line configuration. 

You can design different trace widths per layer to obtain 
impedance matching. You can also use termination tech- 
niques to try to match the impedance of the interconnect to 
that of the load or source. However, impedance mismatch is 
inevitable, especially with logic devices that have different 
impedances, depending on their logic state. For high-speed 
digital design, you must understand the effects of this 
refiected signal energy and determine the sensitivity of your 
design to the resulting distortion. 


Fig 5—Intel defines this topology in the EZ Layout Guidelines for 
the host data bus. This topology comes from Intel’s Pentium Open 
Design Guideline program. 
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Consider, for example, Intel’s approach in developing 
guidelines for board designers using the PCI specification. In 
evaluating the worst-case loading for this spec, Intel engi- 
neers faced the conflicting problems of maximizing the rout- 
ing density while minimizing thermal and signal-integrity 
constraints. To meet the timing requirements, they had to 
manage the problem of the interconnect’s acting as a trans- 
mission line. 

If they had used termination techniques, then the board 
density and thermal dissipation would become worse. 
Instead, they developed test boards to measure and charac- 
terize the interconnect, then performed more than 3000 
hours of interconnect simulation. Their conclusion: If they 
allowed the interconnects to switch on the reflected wave, 
then they could avoid using termination techniques and still 
meet timing and signal-integrity objectives. 

To document their recommendations, the Intel engineers 
created guidelines that suggest layout topologies and topol- 
ogy rules. A layout topology is a constraint that requires you 
to order the physical pins according to a specified definition. 
For example, a daisy-chain ordering first routes the drivers, 
then sequentially routes the loads, then routes a terminator 
after the last load. To meet flight-time constraints while min- 
imizing skew requirements, Intel specified for the Pentium- 
processor, Mercury-motherboard design some topologies 
that require the user to include branches or non-daisy-chain 
topologies. Fig 5 shows an example of a topology that Intel 
defines in the EZ Layout Guidelines for the host data bus. 


The ogre of induced crosstalk 

Faraday’s law of induction states that current in one con- 
ductor can induce current in another conductor. This cou- 
pling of energy between traces increases significantly as the 
separation between the traces decreases and the intercon- 
nect density increases. As a wave propagates down a trace, 
the wave couples energy to adjacent traces via mutual capac- 
itance and inductance. The mutual capacitance induces volt- 
age in an adjacent trace forward and backward. Mutual 
inductance induces a current in an adjacent trace. From 
these induced signals, you can measure forward (far-end) 
and backward (near-end) crosstalk. 

To understand how crosstalk affects a signal, imagine that 
the active pulse is a truck filled with sand and that the pas- 
sive trace is a conveyor belt moving at the same speed as the 
truck. The noise accumulated on the conveyor belt depends 
on the rate at which the sand falls from the truck and on the 
distance the truck travels parallel to the belt. The noise 
induced in the passive line is proportional to the amount and 
length of the coupling. It is also proportional to the difference 
between the mutual capacitance and inductance and inverse- 
ly proportional to the rise time. 

To reduce forward crosstalk, you can reduce the amount of 
coupling by limiting the parallelism between traces or by 
using logic with the slowest possible rise time. Alternative- 
ly, you can bury the traces in a strip-line configuration in 
which the capacitive and inductive coupling are equal; thus, 
the forward crosstalk is negligible. 
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-BIT LOGIC CHIPS «¢ QUICKSWITCH® PRODUCTS «© FCT & 3.3V FCT LOGIC DEVICES 
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Minimal Marvels. _ 


Of all the interface logic packages used in shorter delays, and lower line and signal noise. 
advanced surface mount manufacturing, QSOPs Excellent thermal characteristics include a high 
and QVSOPs give you the very tiniest footprint. leadframe-to-plastic ratio that boosts reliability by 

Up to 48 percent smaller than TSSOPs. more efficiently directing heat away from the die. 

As the QS suggests, QSOPs are just a quarter Availability is now. In any quantity. Nearly all | 
the size of standard SOIC packages. QVSOPs, — major logic suppliers now second-source our 
ideal for highest-density applications, are a mite | industry-standard QSOP. And the QVSOP™ is a 
smaller. : | projected standard of the future. 

These minimal marvels deliver bigtime savings For application notes on our complete line of 
in board space. Which translates to a reduction advanced packaging, call 800-609-3669. Or Fax 
in your overall system costs. You also get higher 408-496-0773. : 
performance because of less ground bounce, Good things come in small(er) packages. 


Quality Semiconductor, Inc. oer 


Q and QVSOP are trademarks of Quality Semiconductor, Inc. 
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For backward crosstalk, envision the passive trace as a 
conveyor belt that travels in the opposite direction from that 
of the truck and measures twice as long as the truck. The 
noise induced in the passive line does not depend on the cou- 
pling length but instead is proportional to the signal veloci- 
ty. The noise has twice the duration of the propagation delay 
of the active trace, and it is proportional to the sum of the 
capacitive and inductive coupling. You can minimize the 
backward crosstalk by designing larger separations between 
traces. 


Fighting the perils of ground bounce 

Another source of noise appears when multiple lines 
switch simultaneously, especially in systems using CMOS 
technology. Devices that switch very quickly may try to sink 
current from many I/O pins through common power and 
ground pins. The resulting current surge through the pins’ 
impedance can create a voltage drop, which appears as noise 
on the output signals. 

Ref 4 states, “An HCMOS bus with an ac termination of 70 
pF and 600 on each end does a terrific job of limiting reflec- 
tions. But if all 64 bits switch simultaneously, almost 180 mA 
of ground current will be generated for each data line, for a 
total of 11A. Even with good grounding practices, these 
small inductances in the ground system can cause large 
glitches.” The designer in this example halved the current by 
reducing the terminating resistive load. 

You can try to minimize ground bounce by providing a low- 
inductance path to ground. To do this, you must pay atten- 
tion to the placement and routing of power and ground 
traces. Another approach is to use SSOPs. These packages 
provide twice the number of pins per area as an SOIC pack- 
age. You can allocate the extra pins to form additional power 
and ground leads, thereby reducing the inductive path to 
ground and lessening ground bounce. 

The old rules of thumb in pe-board design have limited 
applicability as technology advances in speed, performance, 
and density. In today’s competitive market, only companies 
that can manage this increased complexity in a timely man- 
~ ner will survive. Design teams that can optimize tradeoffs 
between conflicting requirements will have an advantage. 
That advantage takes the form of a greater understanding of 
high-speed problems. 

This in-depth understanding allows you to take advan- 
tage of new tools and technologies that can help you to pre- 
dict and to prevent high-speed problems. For example, 
electronic-design-automation and IC manufacturers have 
adopted an I/O-buffer information specification that will 
standardize the development of models for signal-integri- 
ty analysis. Such up-front analysis, combined with timing- 
driven placement and routing tools, will make it easier 
to manage high-speed effects in your pc-board design. 
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Publishing an article in EDN can be a satisfying and 
rewarding experience. And, you don’t have to be a 
professional writer to get published in EDN. If you 
can communicate useful technical information 


clearly, our editors can guide you in writing articles 
that we'll be proud to publish. We also pay you an 
honorarium, based on your article’s length. Submit 
article ideas to Joan Lynch, EDN, 275 Washington St, Newton MA 
02158. 


WITH OMRON SWITCHES, YOUR MOUSE 
GAN NOW EXPECT 10 RUN FIVE TIMES LONGER. 


When computer mouse manufacturers needed a tiny, yet highly reliable snap action 
switch that could stand up to rough, high-frequency switching, they turned to Omron. To 
meet the challenge, Omron developed the model D2F subminiature switch. With its 
remarkably small size and incredible life of 5 million operations, the advanced switch 
really “clicked” with the industry. For advanced switching solutions for the office automation, computer 
peripheral, apphance and consumer electronics industries, Omron provides the performance you 
need in basic switches. Choose standard, micro, miniature and subminiature styles in a wide variety of 
contact configurations, amp ratings, terminal types or actuator Styles. With highly automated produc- 


tion and 100% performance testing you get consistently high quality 
with zero defects. And with our OM ROM large local inventories, you get the 
switch you need — fast. So, if you're ® tired of running around in circles to 


find the night switch, callOmronat WE HAVE THE FUTURE IN CONTROL. 1-800-55-OMRON. 
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If you were 4.000 miles from spare parts, 
what 2mm connector would you spec? 


For 2mm, trust 3M. Now 
available in convenient 
tape-and-reel packaging. 


© 3M 1994 
Copyright © 1994, Sea World, Inc. All rights reserved. Reproduced by permission. 


When it comes to reliability, 3M’s 2mm 
connectors are second to none. They’re 
tough enough to withstand the high-temp 
rigors of infrared and vapor phase sol- 
dering — without warping or blistering. 
They’re compatible with vacuum pick- 
and-place equipment, providing precise 
placement every time. And, they possess 
the same 3M quality construction and 
durability that hallmarks every one of 
our products. 

All of which means that they'll pro- 
vide years of trouble-free service to the 
people who depend on your products 
day and night, even if that night lasts for 
months at a time. 

Of course, those same qualities also 
mean you'll enjoy fewer manufacturing 


CIRCLE NO. 26 


problems, especially when you take 
advantage of our tape-and-reel packaging. 

3M offers a full line of 2mm con- 
nectors, as well as custom engineering 
support. No matter what you need, we 
can build it. In fact, you could go to the 
ends of the Earth and not find a better, 
more reliable connector, or a more 
responsive supplier. 

So, if failure leaves you cold, call 
1-800-354-1919 and we'll send 


you more information psa 
on some of the hottest * el = 
2mm connectors around., 

3M Electronic Products — 


Division, 6801 River 
Place Boulevard, Austin, 
Texas, 78726-9000. 


Reliability 
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10-bit, 40M-sample/sec ADC 
pairs high accuracy with low power 


Built using a proprietary BiCMOS 
process and a pipeline architecture, the 
H1I5702 from Harris Semiconductor 
achieves a minimum of 8.3 effective 
number of bits when digitizing a 10- 
MHz, 2.5V p-p input. The input stage of 
the ADC, which includes an S/H ampli- 
fier, can accept single-ended or differ- 
ential signals. The maximum power 
dissipation is 600 mW. 

Previous attempts to achieve 10-bit 
resolution and 40M-sample/sec rates 
used flash architectures that dissipated 
many watts and cost hundreds of dol- 
lars. Now, the 5702 joins a handful of 
ADCs (from Analog Devices (Norwood, 
MA), Crystal Semiconductor (Austin, 
TX), and Signal Processing Technolo- 
gies (Colorado Springs, CO)) that con- 
sume lower power and have more rea- 
sonable price tags. The 5702’s pipeline 
architecture, dynamic specifications, 
low power consumption, and single 5V 
power supply make it unique. 

As is true with all ADCs, a convert- 
er’s stated resolution does not equal its 
operating accuracy, particularly at fre- 
quencies approaching and close to the 
Nyquist rate of the converter. At high- 
er sampling rates, a converter’s S/N 
ratio and the related effective number 
of bits begin to fall off. Often, data 
sheets don’t include enough informa- 
tion to find out the exact level of con- 
verter accuracy at the input frequency 
of interest. However, the 5072 comes 
with a full set of ac specifications at 1, 
5, and 10 MHz. 

This list includes the following guar- 
anteed 10-MHz dynamic specifications: 
effective number of bits (8.8 min), S/N 
ratio (53 dB min), S/N ratio including 
distortion (51 dB min), THD (-57 dBe 
max), second-harmonic distortion (—63 
dBe max), third-harmonic distortion 
(-58 dBe max), and spurious-free 
dynamic range (58 dBe min). Intermod- 
ulation distortion with f,=1 MHz and 
f,=1.02 MHz is typically —57 dBc. The 
ADC’s full-power input bandwidth is 
250 MHz, which is achieved via an open- 
loop S/H circuit. 

No missing codes are guaranteed from 
1M samples/sec to the maximum conver- 
sion rate of 40M samples/sec. Maximum 


integral and differential linearity errors 
are 2 and 1LSB, respectively. 

Key to the ADC’s performance is a 
process technology that allows for a 
simple implementation of a 10-stage 
pipeline. The ADC consists of nine 2-bit 
converters followed by a 1-bit convert- 
er. Each 2-bit stage assembles part of 
the output data, passes the result on to 
the next stage, and then begins work- 
ing on the next input data. Each con- 
verter stage contributes 2 bits to the 
final output; 1 bit of each provides infor- 
mation for error correction. At the final 
assembly stage, a digital-error-correc- 
tion circuit takes the 19 data bits from 
all stages, corrects for any errors indi- 
cated by the extra bits, and produces 
the final 10-bit output. 

Because input data must ripple 
through the stages, the ADC has a 
finite latency time of seven clock cycles 
after it takes an analog sample. The 
ADC outputs each succeeding sample 
at the following clock pulse. 

This pipeline architecture saves die 
area and power consumption. A flash 
architecture would require 1023 com- 
parators to achieve the same 10-bit res- 
olution, and a two-stage converter 
would take 94 comparators plus one 
amplifier. The 5702 uses only 19 com- 
parators and 10 amplifiers. 

Pipelined ADCs are not yet common 


40 MSPS ». 


because the architecture places certain 
requirements on amplifier performance 
and thus the fabrication process. For a 
40-MHz conversion, the amplifiers in 
the pipeline should settle within a 1/2 
LSB error band in a half clock period or 
12.5 nsec. High open-loop gain is neces- 
sary to minimize the errors due to 
finite amplifier gain. The HBC-10 Bi- 
CMOS process allows easier develop- 
ment of amplifiers with the settling 
times and high gain necessary to 
achieve maximum accuracy using a 
straightforward single-stage pipeline. 

Other converter features make the 
ADC usable at conversion and input- 
data rates beyond 40 and 10 MHz, 
respectively. With 75-MHz inputs, the 
ADC’s typical 7.1 effective numbers of 
bits make it applicable to direct digital 
IF at 70 MHz for satellite receivers. 
The ADC’s wide bandwidth, spurious- 
free dynamic range, and effective num- 
ber of bits allow undersampling of ana- 
log IF frequencies. 

In 28-pin SOICS, two grades of the 
ADC are available: the 40M- sample/sec 
K grade ($45.35 (1000)) and the 36 M- 
sample/sec J grade ($38.65). Both are 
rated for the 0 to 70°C range. 

—Anne Watson Swager 

Harris Semiconductor, Melbourne, 
FL. (800) 442-7747, ext 7243. 
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PLDs offer as many as 3200 
usable gates. The EPM7160E and 
EPM7128E members of the MAX- 
7000E PLD family employ a 0.8-~m 
CMOS EPROM process. Both devices 
feature a 10-nsec pin-to-pin (t,,,) prop- 
agation delay. The MAX-7000E 
includes six output enables, two global 
clocks, and programmable output-slew- 
rate control. The 160-macrocell 
EPM7160E offers 3200 usable gates in 
84-pin PLCCs or 160-pin PQFPs. The 
128-macrocell EPM7128E offers 2500 
usable gates in 84-pin PLCCs and 100- 
or 160-pin PQFPs. Both devices are 
drop-in replacements for other 
MAX7000 devices. In 84-pin PLCCs, 
the EPM7160E and EMP7128E cost 
$44.40 and $21.75, respectively. Altera 
Corp, San Jose, CA. (408) 894-7000. 
Circle No. 317 


Photodiode/amplifier ICs have 
precision outputs. The OPT202 and 
OPT209 integrate a 0.09X0.09-in. pho- 
todiode, a precision FET-input trans- 
_ impedance amplifier, and a 1-MQ feed- 
back resistor. The ICs convert 
photodiode current to an output voltage 
proportional to light intensity. The 
209’s bandwidth is 16 kHz for general- 
purpose applications. The 202’s band- 
width is 50 kHz for pulsed-light appli- 
cations, such as bar-code scanners. 
Photodiode responsivity is 0.45 A/W at 
650 nm. Other specifications include 2- 
mV dark errors, 400-~A quiescent cur- 
rent, 0.05% nonlinearity, and a +2.25 to 
+18V supply range. In 8-pin DIPs, the 
202 costs $4.25; the 209, $5.25 (1000). 
Burr-Brown Corp, Tucson, AZ. (602) 
746-1111. Circle No. 318 


DC restorer suits many purposes. 
The SHC615 subsystem provides de 
restoration, offset clamping, and low- 
frequency hum suppression of wide- 
band amplifiers and buffers. You can 
also use the circuit as an S/H amplifier, 
a high-speed integrator, or a peak 
detector for nanosecond pulses. Key 
specifications include 280-MHz band- 
width, 2.2-nsec propagation delay, 
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cards to get more information on 
any of these products. 


1700-V/ysec slew rate, 4-nV/V/10Hz, 
and 600-mW max power dissipation. 
The device comes in 14-pin DIPs and 
SOICs, and prices start at $7.95 (100). 
Burr-Brown Corp, Tucson, AZ. (800) 


548-6132. Circle No. 319 


Chip set targets Pentium home-PC 
market. The 5V Apollo core-logic chip 
set suits use in 60/66-MHz Pentium VL- 
bus PCs. The chip set comprises a 208- 
pin VT82C535 system controller, two 
100-pin VT82C531MV data buffers 
that isolate the CPU bus from the 
DRAM/VL/ISA buses, and a glueless 


interfaced 100-pin VT82C406MV-inte- 


grated X-bus peripheral controller. 
The peripheral controller includes a 
multiple-clock generator, a real-time 
clock, and a keyboard controller with 
PS2 mouse support. The chip set sup- 
ports as much as 512 Mbytes of DRAM 
grouped into four pairs. DRAM data is 
placed in a secondary cache comprising 
synchronous or standard SRAMs. Unit 
price is $28. VIA Technologies Inc, 
Fremont, CA. (510) 683-3300. 

Circle No. 320 


8-bit, 40M-sample/sec ADC dissi- 
pates 110 mW. The H11179 includes 
an S/H amplifier, a reference, and an on- 
chip syne clamp to eliminate several 
external components used for de 
restoration. The on-chip reference sets 
the analog-input range for 0.6 to 2.6V. 
External references can range between 
0 and 2.8V. Maximum integral and dif- 
ferential nonlinearity errors are +1.3 
and +0.5 LSB, respectively. Differen- 
tial phase and gain errors are 0.5° and 
1%, respectively. In 32-pin PQF'Ps, the 
IC costs $10.16 (1000). Harris Semi- 
conductor, Melbourne, FL. (800) 442- 
7747. Circle No. 321 


PC chip set handles dual 3.3V Pen- 
tium processors. The 3.3V Apollo 
chip set works with one or two Pentium 
processors with internal speeds of 100 
MHz and above. The set provides cir- 
cuitry for shared-memory coherency, 
interprocessor communication, and bus 
arbitration. The set comprises a system 
controller; two data buffers to isolate 
the CPU from the DRAM, VL, and ISA 
buses; a VL-to- PCI bridge; and an X- 
bus peripherals controller with key- 


board and mouse interfaces, as well as 
a real-time clock. Integrated power- 
management circuits control system 
energy use, running the processor 
interfaces at 3.3V and the DRAM and 
the ISA buses at 66 MHz, 5V. The set 
costs $48. VIA Technologies Inc, Fre- 
mont, CA. (510) 683-3300. Circle No. 322 


IC converts light to digital data. The 
TSL230 integrates photodiode, op-amp, 
and ADC functions on one chip. The IC 
operates from a 3 to 6V power supply 
and consumes 5 mW at 3V. A power- 
down mode reduces supply current to 10 
wA. The device transforms the photodi- 
ode’s current output to a pulse train 
whose frequency is proportional to the 
incident light intensity. Using an elec- 
tronic-aperture technique, sensitivity is 
pin-programmable to 1-, 10-, or 100- 
times settings, which effectively give 
the device a 160-dB measurement 
range. The serial output interfaces 
directly with microcontrollers, DSP 
wPs, and digital logic. In an 8-pin clear 
DIP, the IC costs $2.76 (1000). Texas 
Instruments, Denver, CO. (800) 477- 
8924, ext 4500. Circle No. 323 


900-MHz RF front end simplifies 
wireless designs. The low-voltage 
SA601 integrates all of the front-end 
functions needed for a variety of wire- 
less-receiver applications. These in- 
clude a low-noise amplifier with a noise 
figure of 1.6 dB and power gain of 11.5 
dB at 900 MHz, a down-convert mixer 
with 6 dB of conversion power gain and 
a noise figure of 10 dB at 900 MHz, a 
local oscillator buffer, and tempera- 
ture- and supply-voltage-compensating 
bias circuitry. The performance of the 
amplifier and mixer are stable over 
temperature and the 2.7 to 5.5V supply 
voltage. Total current draw is 7.4mA at 
3V.Ina20-pin SSOP, the IC costs $1.74 
(10,000). Philips Semiconductor, Sun- 
nyvale, CA. (800) 447-1500, ext 3018. 
Circle No. 324 
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10-MHz op amps operate down to 
2.7V. The MAX473, 474, and 475 sin- 
gle, dual, and quad op amps operate 
from 2.7 to 5.25V. Each op amp requires 
2 mA (3.3 mA max) of supply current 
while guaranteeing a 10-MHz band- 
width and a 15-V/ysec slew rate. The 
input range includes the negative sup- 
ply rail, and the output swings to with- 
in 50 mV of each supply rail. The op 
amps can drive loads up to 6002.. The 
devices come in 8-pin DIPs and SOICs, 
and prices start at $1.45. Maxim Inte- 
grated Products, Sunnyvale, CA. (408) 
737-7600. Circle No. 325 


Clock generators drive PowerPC. 
The CGS700V, used in the Power Mac- 
intosh, provides nine clock signals for 
PowerPC 601-based designs. The 
device drives the CPU, cache memory, 
main memory, and bus-timing circuits. 
A related device, the CGS701V, pro- 
vides the same clocks but uses an exter- 
nal feedback path. The devices offer 
period-to-period jitter guaranteed at 
<400 psec, with pin-to-pin skew <500 
psec. They come in 28-pin PLCC pack- 
ages and cost $10 (100). National Semi- 
conductor Corp, Santa Clara, CA. 
(800) 272-9959. Circle No. 326 


MOS gate drivers compete with 
discrete components. The ATT2101 
low-side and ATT2102 high-side gate- 
driver chip set features a quick- 
response 2A sink-and-source output for 
driving MOS gates. The 2101 ($0.82 
(10,000)) features a 3A totem-pole out- 
put to drive an N-channel power MOS- 
FET or IGBT. This low-side driver con- 
tains protection circuitry that prevents 
simultaneous conduction of the low- and 
high-side gate drivers. Available with 
600 or 800V level-shift capability, the 
2101 can interface directly with the 
companion 2102. The 2102 ($0.60 
(10,000)) features a 8A totem-pole out- 
put and undervoltage-lockout protec- 
tion. It derives a floating supply by 
using a bootstrap technique. 8-pin DIPs 
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and samples of surface-mount packages 
are available. AT&T Microelectronics, 
Allentown, PA. (800) 372-2447. 
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Chip set performs brushless-motor 
commutation. The MC1201-B 
motion-processor chip set performs 
sinusoidal commutation using the 
motor’s encoder signal to determine 
the phasing. The ICs support several 
motor types, including 2- and 3-phase 
brushless and stepper motors. In step- 
per mode, the commutation provides 
the equivalent of 64 microsteps per full 
step. Standard features include four 
user-selectable profiling modes: S- 
curve, trapezoidal, velocity contouring, 
and electronic gearing. Supported feed- 
back filters include PID and PI with 
velocity feedforward. Other features 
include two direction-limit switches 
per axis, a 16-bit DAC motor-output 
command support, 10-bit PWM output 
support, and a programmable loop rate 
to 200 sec. In two 68-pin PLCCs, the 
chip set costs $85 (1000). Performance 
Motion Devices, Chelmsford, MA. 
(508) 256-1913. Circle No. 328 


PCMCIA Ethernet IC offers full 
duplex. The NCR92C350 is an Ether- 
net transceiver IC with a PCMCIA 
interface. The device includes an AUI 
and a 10BaseT interface and is capable 
of operating in full-duplex mode under 
software or I/O pin control. It provides 
auto detection between AUI and twist- 
ed-pair interfaces and can be placed in 
a low-power sleep mode under software 
control. The 128-pin TQFP costs <$18 
(1000). NCR Microelectronic Prod- 
ucts, Fort Collins, CO. (800) 334-5454. 
Circle No. 329 


Pentium chip set includes VL bus. 
The Tiger chip set provides the core 
logic for a 60- or 66-MHz Pentium- 
based PC/AT. The device incorporates 
a 64-bit, level-2 writeback cache con- 
troller, 32-bit VESA-local (VL)-bus 
support, power-management control, 


and hooks to add a VL-to-PCI bridge. 
The two- chip set (HT5001/2) can han- 
dle up to 2 Mbytes of cache and 256 
Mbytes of DRAM with two program- 
mable non- cacheable regions. Prices 
range to <$30 (10,000). ETEQ 
Microsystems Inc, Milpitas, CA. (408) 
432-8147. Circle No. 330 


1-Mbit SRAMs have 8- to 12-nsec 
access times. A family of 1-Mbit 
SRAMs that have access times of 8, 9, 
10, and 12 nsec is available. The devices 
have a 64kX18-bit or a 32kxX36-bit 
organization. Other features include 
single-clock read/write operation, self- 
timed write operation, and compatibili- 
ty with LVTTL I/O interfaces. The 
devices employ 0.5-ym technology and 
operate at 3.3V, which results in low 
power consumption. They come in 52- 
pin PLCC, 100-pin TQFP, and 7x17 
ball-grid-array packages. $58 (1000). 
IBM Microelectronics, Hopewell Junc- 
tion, NY. (914) 892-5389. Circle No. 331 
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Highly integrated power IC con- 
trols subnotebook computers. The 
MAX781 includes a 3.3V supply, dual 
PCMCIA analog controllers, a pro- 
grammable battery charger, five high- 
side level translator outputs, and an SPI 
serial interface in a 36-pin SSOP pack- 
age. The IC accepts inputs from NiCd 
or NiMH battery stacks of five to eight 
cells (5 to 18V). The 3.3V step-down 
converter uses an all-N-channel PWM 
synchronous-rectification switching 
scheme that provides 92% efficiency at 
full loads and quiescent currents of 1 
mA. Fixed-frequency 300-kHz PWM 
switching minimizes output noise. 
$8.80 (1000). Maxim Integrated Prod- 
ucts, Sunnyvale, CA. (408) 737-7600. 
Circle No. 332 


Gate arrays facilitate mixed-volt- 
age designs. The Universal PCI 
series of ASICs supports 5 and 3.3V 
and future voltages. The devices can 
interface with all three varieties of PCI 


EDN July 21, 1994 = 103 


Ss 


EDN-New PRODUCTS 


signals defined by the PCI local-bus 
specification. The ASIC’s PCI buffer 
can adjust its signaling level to the sup- 
ply voltage of a system’s PCI bus at 
either 3.3 or 5V. The gate arrays also 
support Gunning Transceiver Logic 
interfaces and other standard inter- 
faces such as CMOS, LVCMOS, TTL, 
and LVTTL. The series features as 
many as 223,000 available gates and 14 
base arrays. Power dissipation is 2.7 
wW/MHz/gate and a 290-psec propaga- 
tion delay for a 2-input NAND gate 
with a fan-out of 2. $6 to $60 (10,000). 
NEC Electronics Inc, Mountain View, 
CA. (800) 366-9782. Circle No. 333 
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Chip set implements FireWire ser- 
ial bus. A two-chip set implementing 
the FireWire serial bus provides serial 
data links at 100 Mbps. The TSB11- 
CO1DL ($13) provides the physical- 
layer interface to the cable. The device 
offers three communications ports, 
allowing branch connections, as well as 
bus arbitration and initialization logic. 
The TSB12C01PZ ($82) provides the 
link layer, formatting data packets, 
generating and checking CRC, and con- 
necting to the system host. The devices 
support the proposed IEEE P1394 
standard for a high- performance seri- 
al bus. Texas Instruments, Denver, 
CO. (800) 477-8924, ext 4500. 

Circle No. 334 


2-Mbit DRAMs have two CAS pins. 
The HM512200B 2-Mbit DRAM has a 
1M xX2-bit organization. The device is 
optimized for use as parity bits in mem- 
ory cards and modules. Because the 
DRAM has two independent CAS con- 
trol signals, it replaces two 1-Mbit 
DRAMs. The DRAM offers a fast page- 
access mode, which provides an accesss 
time of 60, 70, or 80 nsec. The standard 
version of the 5V device uses 1024- 
cycle/16-msec refresh, with RAS only, 
CAS before RAS, and hidden refresh 
modes. The device draws 70 mA oper- 
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ating and 2 mA in standby mode. $12.75 
(1000). Hitachi America Ltd, Bris- 
bane, CA. (800) 285-1601. Circle No. 335 


5V ASICs feature low power. The 
TC170 series is comprised of the 
TC170G gate array and TC170C stan- 
dard cell. The devices employ 0.7-y~m 
CMOS technology and feature a power 
dissipation of 4.4 »W/MHz/gate and 
gate complexities ranging from 22,000 
to 194,000 gates for the TC170G and 
5000 to 219,000 for the TC170C. The 
devices also feature 270-psec gate 
delays (loaded) and double-layer metal- 
lization. The TC170G/C costs $15 for 
45,000 gates (OEM). Toshiba America 
Electronic Components Inc, Irvine, 
CA. (714) 455-2000. Circle No. 336 


FPGAs have 4000 gates. The 
CY7C385A and CY7C386A are 4000- 
gate versions of the company’s pASIC 
family of FPGAs. The FPGAs combine 
high-speed, high-density Vialink pro- 
gramming elements with the compa- 
ny’s 0.65-~m process. The program- 
ming element is one-seventh the size of 
SRAM-based programming elements. 
The smaller programming elements 
give the FPGA one-twentieth the 
capacitance and resistance of SRAM- 
based devices, improving speed and 
reducing power consumption. The 
CY7C385A has as many as 88 I/O pins 
and comes in an 84-pin PLCC and a 100- 
pin TQFP. The CY7C386A has 128 I/O 
pins and comes in a 144-pin TQFP. The 
CY7C385 in a PLCC costs $87.70 (100). 
Cypress Semiconductor Corp, San 
Jose, CA. (408) 943-2600. Circle No. 337 


age. Needing only memory and a few 
passive components, the 78Q8373 pro- 
vides a 10BaseT Ethernet PCMCIA 
card in essentially a single chip. The 
device integrates a media-access con- 
troller, Manchester encoder/decoder, 


PCMCIA bus interface, 10BaseT trans- 
ceiver, and attachment unit interface 
into a 100-lead TQFP. The device runs 
at 3.3 or 5V and offers three operating 
modes to software control of power use. 
The device sells for around $19 (100). 
Silicon Systems, Tustin, CA. (800) 624- 
8999, ext 150. Circle No. 338 


Gate-array family optimized for 
mixed voltages. The MSM13R series 
employs 0.5-um technology to develop a 
sea-of-gates ASIC family. The family 
has a 3V core and a8 or 5V I/O inter- 
face. The family has a maximum usable 
gate count that exceeds 500,000 gates, 
and a 2-input NAND internal gate that 
has 110-psec propagation delay. The 
array’s 624 configurable I/Os employ a 
narrow bonding-pad pitch of 100 pm. 
The arrays employ three layers of met- 
allization, and the current family has 10 
basic arrays. Oki Semiconductor, Sun- 
nyvale, CA. (408) 720-1900. 

Circle No. 339 


Neuron chip reaches second gen- 
eration. The TMPN3150BF and 
TMPN3120BM are second-generation 
versions of the Neuron chip used for 
intelligent distributed control using 
Echelon Corp’s Lonworks control tech- 
nology. The devices communicate on a 
peer-to-peer network over serial links 
through a variety of media. Each device 
has three 8-bit CPUs, two for handling 
communications and one for the control 
task. The devices also contain EEP- 
ROM for configuration data and RAM. 
The 3150 has 2 kbytes of RAM; the 3120 
has 1 kbyte of RAM and 10 kbytes of 
ROM. Improvements in the second gen- 
eration include external memory access 
and reduction of power consumption by 
, during operation and from 500 to 15 
wA in sleep mode. Price is around $5 
(10,000). Toshiba America Electronic 
Components Inc, Irvine, CA. (800) 
879-4963. Circle No. 340 


SINGLE- 


POWER 


... THAT PLuGs RIGHT IN. 


Now, from the innovator in 
integrated switching regulators, 
comes a new series of high- 
performance 5V to 3.3V, 3 Amp, 
12-Pin, single in-line products. 
The new Power Trends PT6305 
family lets you easily solve 
the problem of integrating low 
power 3.3V logic integrated circuits into 
existing 5V systems, without redesigning 
the power supply. 
And, because the PT6305 Series has an 
extremely low profile of .36” x 2.00” x .60” (H), 


POWER TRENDS* 


it’s ready to meet your needs and conserve 
board space. Vertical, horizontal and surface 
mount versions are available. 

The PT6305 features a high operating 
frequency of 650KHz, for state-of-the-art 
power density and 85% efficiency. The device 
supports a wide input range of 4.5 to 10V with 
good line and load regulation. Over-tempera- 
ture and short circuit protection are built in. 

If you're ready for a space-saving 
on-board power converter that you can plug 
right in, call Power Trends for a sample today! 


1-800-531-5782. 


1101 North Raddant Road, Batavia, IL 60510 ¢ (708) 406-0900 « Fax (708) 406-0901 
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You're Looking For Product Acceptance 
In North America, UL Holds The hey. 


THE BIG NEWS TODAY 1S THAT UL IS ACCEPTED ALL AGROSS CANADA. AND WITH THE 
SIGNING OF A COOPERATIVE ASSISTANGE AGREEMENT WITH THE ASOGCIACION NACIONAL DE 
NORMALIZACION Y GERTIFICACION DEL SECTOR Evcectrico (ANGE), THE FIRST INDEPENDENT 
STANDARDS AND PRODUCT CERTIFICATION ORGANIZATION ACCREDITED BY THE MEXICAN 
GOVERNMENT — UL IS THE FIRST ORGANIZATION OF ITS KIND TO OFFER MANUFACTURERS 


ACCESS TO CERTIFICATIONS FOR ALL OF NORTH AMERICA. 


AND SINCE UL PROVIDES CERTIFICATION THAT ALLOWS IMMEDIATE ACCEPTANGE ACROSS THE 


ENTIRE UNITED STATES, SAVING TIME AND MONEY TO GAIN AGGEPTANGE ACROSS NORTH 


AMERICA HAS NEVER BEEN EASIER. 


IN FACT, NO OTHER SAFETY CERTIFICATION SERVICE CAN DELIVER WHAT UL PROVIDES. AND 


BECAUSE WE OPERATE AS A NOT-FOR-PROFIT ORGANIZATION, YOU CAN BE ASSURED THAT OUR 


PRIMARY OBJECTIVE REMAINS SAFETY. 


So iF YOU’RE LOOKING FOR ONE SOURGE THAT NOT ONLY HANDLES PRODUCT SAFETY 
CERTIFICATION ACROSS THE UNITED STATES, BUT ALSO FACILITATES EXPANDING YOUR 


PRODUCTS’ ACCEPTANCE BEYOND THE BORDERS, WE CAN HAND YOU THE KEY. 


U.S. HEADQUARTERS: BARBARA OLDS CANADA: JOHN WooDSs 
PHONE: 708-272-8800, Ext. 43319 PHONE: 613-742-6965 
FAX: 708-272-9562 FAX: 613-742-6965 


Underwriters Laboratories Inc.o 


ACGREDITED AS A CERTIFICATION ORGANIZATION BY THE STANDARDS COUNCIL OF GANADA. 
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$1595 data-acquisition board features 3-MHz bandwidth, 
equivalent-time sampling, Plug-and-Play configuration 


ISA bus data-acquisition boards that 
acquire signals whose bandwidth 
ranges into megahertz regions have 
been available for several years. A few 
boards even use equivalent-time sam- 
pling to accurately digitize repetitive 
signals containing high-frequency com- 
ponents that would cause aliasing if 
sampled at the ADC’s normal maxi- 
mum rate. However, most such boards 
cost over $2000 or lack features expect- 
ed in “mainstream” products. Now 
though, National In- 
struments’ AT-MIO- 
16E-2, a full-featured 
unit priced at the mar- 
ket’s $1595 sweet spot, 
uses equivalent-time 
sampling to acquire 3- 
MHz signals—even at 
gains of 100. In real 
time, the board’s 12-bit 
ADC takes 500k sam- 
ples/see on 16 channels 
(eight differential). 
High-frequency 
acquisition tops a list of 
features that seem des- 


i 


: AT-MIO-16E-2 
: AT-MIO-16E-2 
: Empty 


in the flexibility of its counter/timers. A 
system-timing-controller ASIC, the 
DAQ-STC clocked at 20 MHz, handles 
timing and ADC triggering. The IC 
contains 10 counter/timers: Four are 
for the analog inputs; four are for the 
analog outputs. Users can access a 4-bit 
programmable frequency divider and 
two 24-bit general-purpose up-down 
counter/timers that have double- 
buffered inputs. The ASIC is at the 
heart of the sequential equivalent-time 


Select A Device Number 


| Device Selected 
Device # Boe] 
Device Name 
Base Address 0X240 
DMA Channels P| aie 
IRQLevels 3 | f4 | 


Device serial number: (417 


tined to raise users’ 
expectations for moder- 
ately priced data-acqui- 
sition boards. Although 
you’ve been able for 
several years to buy 
boards that perform all 
of their offset and gain 
trims via software, the 
AT-MIO-16E-2 not only 
is free of analog trims, 
but also does away with 
address jumpers and 
switches. It conforms to the ISA bus 
Plug-and-Play standard to be imple- 
mented in MS-Windows V4.0 code- 
named “Chicago.” Until Chicago be- 
comes available, you can configure the 
board by using a utility program 
shipped with it. A $995 330k-sample/sec 
board, the DT31-EZ, which Data 
Translation announced in May, is fully 
software configurable except for the 
base address. 

The other area where the AT-MIO- 
16E-2 moves ahead of its competition is 


Gone are the days of popping the to 


Jumperless data acquisition device has been 
successfully software configured! 


3 


sampling, which allows an effective cap- 
ture rate of 20M samples/sec for repet- 
itive signals. 

The ASIC also implements functions 
that aren’t available with the general- 
purpose counter/timers on most data- 
acquisition boards. For example, when 
an alarm condition arises, the ASIC can 
immediately increase the ADC’s sam- 
ple rate—without the usual unpre- 
dictable delay for reprogramming the 
counter/timers. 

On the long list of additional features 


AT-MIO-16E-2 | 


of your PC and reconfiguring an ISA bus data- 
acquisition board’s jumpers or switches to set addresses, interrupt levels, and other 
operating parameters. With the Plug-and-Play-configurable AT-MIO-16E-2 and 
-16XE-50 trom National Instruments, you simply run the software shown here. 
When MS-Windows 4.0 (Chicago) is available, it will take over the configuration 
function. Like some other data-acquisition boards, these E-series units also elimi- 
nate manual gain and offset trims. 


are: two 12-bit analog outputs, eight 
TTL I/O lines—each of which can sink 
24-mA, programmable analog-input 
gains of 1 to 100 in seven 1-2-5 steps, a 
512-point channel-gain-list memory 
that lets you program each channel’s 
sampling rate and gain, dual-channel 
DMA, separate 2k-word FIFO buffers 
for analog inputs and outputs, the abil- 
ity to transfer data under interrupt or 
programmed I/O control, and use of 
the vendor’s RTSI (real-time system 
integration) bus to 
synchronize multiple 
boards. You extend the 
RTSI bus by running a 
ribbon cable over the 
tops of your ISA bus 
boards. 

As you would expect 
from a National Instru- 
ments board, the ven- 
dor provides software 
support via NI-DAQ 
drivers for DOS and 
Windows, LabWindows 
for DOS, and LabView 
and LabWindows/CVI 
for Windows. 

A lower cost board, 
the $995 AT-MIO 16XE- 
00, also features Plug- 
and-Play configurabili- 
ty. The board, whose 
maximum A/D conver- 
sion speed is 20k sam- 
ples/sec, shares most of 
the features of the AT- 
MIO-16E-2—even its 
ability to accept 16 
pseudo-differential in- 
puts. (Such inputs are referred to a com- 
mon ground whose potential can differ 
from that of the board’s ground.) The 
$995 board lacks the proprietary NI- 
PGA programmable-gain amplifier that 
maintains a 3-MHz bandwidth at all 
gains. Also, the board’s FIFO buffers 
store only 512 words each. 

—Dan Strassberg 

National Instruments Corp, Austin, 
TX. Phone (512) 794-0100. Circle No. 310 

Data Translation Inc, Marlboro, MA. 
(508) 481-3700. Circle No. 311 
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If you can use an interactive graphics editor, you can design, animate and test your 
product's human interface with Altia® Design - without programming! 


And that's not all. With Altia Design you can connect your interface to your own software 
or hardware. Turn your prototype into a deliverable product - without delay. 


From consumer electronics, to medical equipment, to manufacturing control, to simulation 
visualization, Altia Design means you get better products to market faster. 


Available on Sun, HP and Windows. 


For Information or FREE DEMO SOFTWARE call 1-800-653-9957 
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5030 Corporate Plaza Dr. #200 
Colorado Springs, CO 80919 
Tel: 719-598-4299 
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Macintosh data-acquisition soft- 
ware spools 100M-sample re- 
cords to disk. SuperScope II V1.2 
analyzes and graphs digitized wave- 
forms. It can also perform calculations 
on the waveform data, store annotated 
waveforms, and create waveform data- 
bases. The package allows exporting of 
data to spreadsheets, word processors, 
database managers, graphing pack- 
ages, and math packages. $750; $1490 
with analysis capabilities. GW Instru- 
ments, Somerville, MA. (617) 625-4096. 

Circle No. 376 


Generator produces predefined 
and arbitrary waveforms at 40V 
p-p. The PM 5138A has an output band- 
width of 10+ Hz to 10 MHz. It allows you 
to vary the symmetry of output wave- 
forms and permits amplitude and fre- 
quency modulation, phase-shift keying, 
bursting, gating, and linear or logarith- 
mic sweeps. A back-lit LCD provides a 
menu-driven user interface; a rotary 
control permits simple entry of numer- 
ic values. You can order the generator 
with IEEE-488 or RS-232C interfaces. 
A nonvolatile memory stores nine 
setups, which can be invoked from the 
front panel or remotely. On power-up, 
the last settings are automatically 
restored. $3700. Fluke Corp, Everett, 
WA. (800) 448-5853. Circle No. 377 


Active extender for VESA local bus 
safeguards your PC. The VEE lets 
you insert and remove adapter cards 
from a PC with power on. The extender 
includes adjustable overcurrent-detec- 
tion circuits, which remove power from 
boards under test that draw too much 
current. You can use a hardware switch 
or software commands to control both 
power and bus signals to the board 
under test. AZ-Com, $749. Orinda, CA. 
(510) 254-5400. Circle No. 378 


Pod lets ISA bus logic analyzer 
generate arbitrary waveforms 
and digital patterns. You can obtain 
the $475 Digital/Analog Pod as an ISA 
bus board or as an instrument-level 
product that communicates with the 
host PC via a parallel port. The pod, 
which works with the vendor’s ET- 
LAplus PC-based logic analyzer, pro- 
vides two 8-bit-resolution analog out- 
puts and 16 digital outputs (expandable 
to 48). The pattern-memory depth is 
32k frames, and the maximum clock 
rate is 25 MHz. Emulation Technology 
Inc, Santa Clara, CA. (408) 982-0660. 
Circle No. 379 


"COMPONENTS — 


Diodes withstand 4 to 20 kV. The 
Beta Series of high-voltage diodes oper- 
ates with voltage ratings from 4 to 20 
kV and handle 5 mA. The diodes have a 
100-nsec reverse-recovery time and 
moderate peak forward-voltage ratings 
ranging from 20 to 60V. The plastic- 
bodied, axial lead diodes measure 
0.118X0.315 to 0.472 in. $0.40 to $0.60 
(50,000). Applications Engineering 
Inc, Danbury, CT. (208) 790-1861. 

Circle No. 380 


Thin-film resistor networks termi- 
nate advanced .P’s buses. The 
IPEC R-Net thin-film resistor net- 
works terminate buses for pe boards 
bearing wPs such as the 486, the Pen- 
tium, and the PowerPC, as well as com- 
mon RISC wPs. The units replace dis- 
crete resistors or resistor networks 
using other technologies and offer 
improved high-frequency performance. 
$0.34 to $0.82. Prototype samples are 
available now; delivery of production 
units is six to eight weeks ARO. Cali- 
fornia Micro Devices Corp, Miltpitas, 
CA. (408) 263-3214. Circle No. 381 


Active linear filters operate at 
high frequencies. The DO1 series of 
active filters has corner frequencies 
from 50 kHz to 1 MHz. The linear 
devices come in a 32-pin DIP. These fil- 
ters’ total harmonic distortion is <—80 
dB at 1 kHz. Out-of-band attenuation is 
at least 80 dB. The filters offer 4-, 6-, 
and 8-pole Butterworth or Bessel trans- 
fer functions. The 4-pole filter costs 
$74; the 8-pole device, $116 (1000); 
delivery is three to four weeks ARO. 
Frequency Devices, Haverhill, MA. 
(508) 374-0761. Circle No. 382 


Extruded-aluminum electronics 
enclosures come in nine off-the- 
shelf sizes. Additions to the Tech-Box 
line of extruded-aluminum electronics 
enclosures come in nine sizes ranging 
from 2.125 to 6.762 in. wide and from 
0.625 to 2.720 in. high. The enclosures 
come with 2- to 9-card slots and accept 
cards from 2.38 to 6.5 in. wide. You can 
receive a free sample by sending your 
request on company letterhead. Acces- 
sories include associated panels, hard- 
ware, and rubber feet. Optional fea- 
tures include custom finishes and 


| RFI/EMI shielding. Single-slot enclo- 


sure, $4.78 in large quantities; 2-slot, 
$5.38. Extrusion Technology, Ran- 
dolph, MA. (617) 963-7200. Circle No. 383 


Ovenized oscillator comes in 
industry-standard package. The 
model 252-1130 5-MHz ovenized oscilla- 
tor offers a thermal stability of 1x10 
(+5107) over a temperature range of 
-30 to +70°C. Aging is better than 
5xX10-"/day and 1X10-*/year. The 
device’s phase noise is -110 dBe/Hz at a 
1-Hz offset, -145 dBc/Hz at 100 Hz, and 
-160 dBc/Hz at 10 kHz. HCMOS or +7- 
dBm sine-wave outputs are available. 
The oscillator’s case measures 
2.36 X2.64 1.06 in. $640. MTI-Milliren 
Technologies Inc, Newburyport, MA. 
(508) 465-6064. Circle No. 384 


Ultrathin “ice-cube” relay has 
pull-to-test button. The Ice Cube 
Plus line of relays sports both mechan- 
ical and optional optical status indica- 
tors (LEDs or neon bulbs, depending on 
coil voltage). When you pull a tab in the 
top of the relay, the relay jams in its on- 
state. The relay and socket both accept 
snap-in labels. The narrow relays 
mount in a 22.5-mm-wide socket. You 
can mount the sockets on a DIN rail or 
use the sockets’ single-screw mounting 
tab. A built-in clip holds the relay 
securely in the socket. Dual-pin num- 
bering on the socket conforms with all 
international standards. The device 
comes in 2- and 4-pole versions. The 
relays withstand 100 million operations 
at full load. Singles, $8 to $15. Turck 
Inc, Minneapolis, MN. (612) 553-7300. 

Circle No. 385 


Analog adapter board provides 
easy access to analog-!/O signals 
from PC-based data-acquisition 
board. The model UEI-BNC/01 ana- 
log adapter board features BNC con- 
nectors that route analog-I/O signals. 
The devices accommodate single-ended 


16-Bit 
2 MHz 


Hybrid Sampling 
A/D Converter... 


The Solution for: 


TELECOMMUNICATIONS 
RADAR « SONAR 
and ATE 


The only 16-bit, 2 MHz hybrid A/D converter 
on the market today, the ADC4322 features: 


¢ Low Power 

¢ Low Noise 

¢ Small Size 

¢ Hermetic Environment 

¢ Low Harmonic Distortion 
¢ High Reliability 

¢ Immediate Availability 


Call us today at 1-800-446-8936 to find out 
how you can take your application to a new 
level of performance... at surprisingly 
attractive OEM prices. 


360 Audubon Road, Wakefield, MA 01880 
1 (800) 446-8936, FAX: (617) 245-1274 


ANALOGIC.& 


The World Resource 
for Precision Signal Technology 
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One 
good 
test 

' leads 
to 
another, 
with 
Mueller 


Mueller test leads give you 
dependable, accurate per- 
formance, test after test after 
test. Choose from over 1000 
test leads and accessories 
offered in a wide range of 
constructions, designed to 
meet virtually every test 

or interface application. 
For standard and custom- 
designed test leads, call 
toll-free: 1-800-955-2629. 


FREE! 72-page catalog includes | 


—\ over 100 new pro- 
ducts, plus 1320 

| \\ established items, 
all grouped by 

.\ test application. 


(216) 771-5225 » Fax (216) 771-3068 


CIRCLE NO. 49 
110 = EDN July 21, 1994 


EDN-New PRODUCTS 


COMPONENTS 


and differential analog inputs and offer 
component locations for building RC fil- 
ters, voltage dividers, and trigger cir- 
cuits. $395; delivery is from stock. Unit- 
ed Electronic Industries, Watertown, 
MA. (617) 924-1155. Circle No. 386 


Flatpack aluminum capacitors 
conserve pc-board space. The MLP 
family of flatpack electrolytic capaci- 
tors includes half-size units measuring 
0.50X1.75X1.5 in. The units are avail- 
able in capacitances ranging from 560 
uF to 47 mF. The units come with 
either two mounting tabs or an extra 
pair of leads. Their life rating is 2000 
hours at 85°C. $25 (1000); delivery, six 
to 12 weeks ARO. Cornell Dubilier, 
Pickens, SC. (803) 878-7257. 

Circle No. 387 


N and SMA coaxial receptacles 
press-fit into system’s housing. 
Unlike conventional N and SMA con- 
nectors, which have flanges and which 


must be screw mounted, a line of press- 


fit coaxial receptacles occupies minimal 
area (no larger than the cross-section of 
the threaded portion of the connector) 
and mounts in one step. The connectors 
come with tab, slotted, or solder-pot 


contact ends. N connectors, $2.45 - 


(1000); SMA connectors, $2.21 (1000). 
The Delta Electronics Manufactur- 
ing Corp, Beverly, MA. (508) 927-1060. 

Circle No. 388 


Horizontal-mount toroidal induc- 
tors have through-hole leads. A 
series of through-hole inductors is 
available in 121 values ranging from 
0.10 wH to 10 mH. The inductors’ cores 
are powdered iron. $4 (100). Engi- 
neered Components Inc, San Luis 
Obispo, CA. (805) 544-3800. 

Circle No. 389 


Toroidal-winding spacers assure 
voltage isolation. The Common- 
Mode Torroidal choke spacers provide 


physical separation and electrical insu- 
lation of windings on torroidal common- 
mode chokes to assure voltage isolation 
between the windings. To assemble, 
you simply push a spacer into the hole 
in the torroid. You can insert a second 
spacer from the opposite side of the tor- 
roid. The spacers are available in 22 
sizes. $0.10 to $0.20. Robison Elec- 
tronics Inc, San Luis Obispo, CA. (805) 
544-8000. Circle No. 390 


Gate-drive transformers for 
switching supplies offer low inter- 
winding capacitance and leakage 
inductance. The low interwinding 
capacitance and leakage inductance of 
the GDT-series of FET gate-drive 
transformers allow rise times appropri- 
ate for switching frequencies from 25 to 
100 kHz. The devices provide 4200V- 
rms isolation and have two fully floating 
outputs. Unlike optical isolators, these 
magnetic devices’ characteristics are 
predictable and stable. 25 kHz, $2.70; 50 
kHz, $2.03; 100 kHz, $1.82 (1000); deliv- 
ery is from stock. GFS Magnetics, 
Dover, NH. (603) 742-4375. 
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Free enclosure designer’s kit 
available. Free to qualified engi- 
neers, a design kit for enclosures 
includes an IBM PC-specification pro- 
gram, samples of the company’s frame 
corners, and a catalog that includes an 
EMI/RFI guide. Equipto Electronics 
Corp, Aurora, IL. (708) 897-4691. 

Circle No. 392 


Surface-mount, general-purpose, 
small-signal transistors come in 
ceramic packages. The NNTX- 
2N2222AUA and JANTX- 2N2222AUB 
NPN transistors come in a 4-pin her- 
metic chip carrier and a 3-pin leaded 
chip carrier (LCC), respectively. The 
LCC matches the SOT-28 footprint. 
The devices have the familiar 2N2222 


specs except for a -65 to +200°C oper- 
ating junction temperature, T,. The 
devices cost $12.27 and $10.49 (1000), 
respectively. Optek Technology Inc, 
Carrollton, TX. (214) 323-2200. 

Circle No. 393 


Thin power transistors slip into 
PCMCIA cards. The Lite Foot family 
of n- and p-channel power MOSFETs 
comes in the 8-pin TSSOP (thin super- 
small-outline package). The devices can 
dissipate 1.5W without external heat 
sinks. The package measures 1.1 mm 
high and occupies 19 mm? of pc-board 
area. Breakdown voltages range from 
12 to 380V. $0.88 to $1.82 (100,000); 
delivery 8 to 10 weeks ARO. Siliconix, 
Santa Clara, CA. (408) 988-8000. 
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Solid-state switch integrates ring 
detector and hookswitch. The TS 
series combines a hookswitch and ring 
detector in an 8-pin DIP. The switch 
handles input voltages of 400V pk ac or 
de and loop currents up to 170 mA. The 
switch’s on-resistance is 220 min, and 
switching speed is 3 msec max. The 
ring detector is sensitive to 2-mA loop 
currents. 3750V-rms input-output iso- 
lation is optional for compliance with 
European regulations. $2.78 (10,000); 
delivery stock to six weeks. CP Clare 
Corp, Wakefield, MA. (617) 246-4000. 
Circle No. 395 


Surface-mount “blocks” kill ripple 
and noise. A line of surface-mount, 
core-axial inductors in block form pro- 
vides inductances ranging from 10 pH 
at 4A to 1 mH at 400 mA and measure 
0.25 in. high. The devices replace more 
expensive and harder to install tor- 
roids. The ferrite blocks exhibit wide 
bandwidth, low de resistance and ac 
losses, and flat frequency and current 
responses. The devices come in stan- 
dard EIA 10% values. $2 (1000). GFS 
Magnetics Inc, Dover, NH. (603) 742- 
4375. Circle No. 396 


Capacitors suit microwave and RF 
applications. A line of capacitors 
includes multilayer ceramic and porce- 
lain capacitors in chip and leaded 
styles, as well as variable or trimming 
capacitors. Some models operate at 
300 GHz. The porcelain capacitors’ Q 
factors are 10,000 min at 1 MHz. The 
variable capacitors Q factors range 
from 1200 to 10,000 at 100 MHz. 
Microwave trimmer capacitors having 
a sapphire dielectric exhibit Q factors 
ranging from 1500 to 5000 min at 250 
MHz. $81.45 to $434.59. North Ameri- 
can Capacitor Co, Indianapolis, IN. 
(317) 273-0090. Circle No. 397 


Flat-cable and flexible-circuit con- 
nectors feature numerous en- 
hancements. The 71226 series of 1- 
mm, zero-insertion-force connectors 
for flat cable and flexible circuit boards 
features stronger latches, improved 
contact retention and location, and 
improved printed-circuit tail-tip 
geometry. The connectors optionally 
have cable-retention barbs and polar- 
izing pegs. Optional kinked pegs lock 
the connector to the pe board before 
soldering. The connectors are avail- 
able in even pin numbers from 4 to 30. 
A 22-pin version with optional barbs 
and pegs is $0.888 (25,000). Molex Inc, 
Lisle, IL. (708) 969-4550. 
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Multilayer trimming capacitors 
reduce surface-mount space 
requirements. A pair of surface- 
mount trimming capacitors measures 


0.15x<0.13 0.06 in. The model GKM- 


10066 ranges from 1.5 to 10 oF and 
the model GKM20066 ranges from 5 to 
20 pF. The capacitors’ voltage rating 
is 50V de, and insulation resistance is 
10* MQ min. $0.83 (1000); delivery 
stock to 12 weeks ARO. Sprague- 
Goodman Electronics Inc, Garden 
City Park, NY. (516) 746-1385. 

Circle No. 399 


. a Excellent Video & Control Performance 


ANALOG 
VIDEO ICs 


NOISE-TOLERANT 
SYNC SEPARATORS 


6S1881 


COMPOSITE SYNC 
OUTPUT a [s | Veg SV - 12V 


COMPOSITE 
VIDEO INPUT 


ODD / EVEN 
e el | OUTPUT 
ma veTICAL 6 | Rser 


@ Replaces LM1881 With Improved Performance 
m Window Circuit For Noise Immunity, Fast Recovery 
m Excellent Specs & Temperature Stability (+1 ns) 
@ H-Sync output version available 

@ $2.35 in 100 unit quantities 


VERTICAL SYNC 
OUTPUT 


GND {[;| 


2 CHANNEL VIDEO 
MIXER/FADER 


GT4123A 


— oS Vout = Ve xVa + (1- Vo) x VB 


25 MHz 0.1dB BW; 75 6B Weolation @ SMiiz; 


Graphics modules handle X-Win- 
dows. The IP-SVGA and IP-UVGA 
graphics modules are Industry Pack- 
compatible graphics modules with res- 
olution to 1024768 pixels with 256 col- 
ors. A second family, the IP-LCD and 
IP-SLCD, offer both CRT and LCD- 
panel output signals. All have keyboard 
and PS/2 mouse interfaces. Software 
drivers supporting the boards include 
X-Windows, G-Windows, and MGR 
running under the OS-9 operating sys- 
tem, as well as low-level drivers for 
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embedded applications. Snijder Micro 
Systems, Deurne, Netherlands. (381) 
4930- 10725. Circle No. 341 


32-channel A/D board offers 100- 
kHz sampling. The Model 4275 VME- 


Great Things... 
Small Packages! 


Ecliptek Introduces the ECCM1 1.3 MM 
Ceramic SMT Crystal for PCMCIA 


¢ Designed For All PCMCIA Applications 
¢ Lowest Profile Industry Standard Package 


¢ Gold Sealed For Optimum Performance 


¢ Common Chipset Specifications In Stock 
¢ Frequency Range From 11.0592MHz to 150.000MHz 
¢ Tape And Reel Standard For Automatic Insertion 


Crystals * Clock Oscillators « Inductors 


For Further Information, Contact: 


— ® 3545 Cadillac Ave. * Costa Mesa, CA 92626 
C LI TEK Fax: (714) 433-1234 


es CONPOIATION 


1-800-ECLIPTEK 
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bus and the Model 4375 Multibus II 
modules provide a bank of 16-bit sigma- 
delta A/D converters for MIX base- 
boards. The modules include 32 con- 
verters, each sampling at rates to 100 
kHz, along with signal conditioning. 
The signal conditioning provides 
buffering with a +5V input range and 
attachment to a front-panel flat-ribbon 
connector. The modules also offer a 
16k-sample FIFO buffer. Price is 
$5745. Pentek Inc, Norwood, NJ. (201) 
767-7100. Circle No. 342 


VME board provides ARINC inter- 
face. Handling as many as 24 channels, 
the VME429-1 brings the ARINC 429 
avionics test bus to VME. The board 
offers software to handle message pro- 
cessing and is based on an MC68LC040 
processor with 1 Mbyte of DRAM. 
Options include more DRAM, SCSI and 
Ethernet ports, and a floating-point 
processor. The device accepts Industry 
Pack modules for functional expansion. 
A 6-channel board costs $3995; a 24- 
channel board with SCSI, Ethernet, 
and advanced software costs $9995. 
Ballard Technology Inc, Seattle, WA. 
(800) 829-1553. Circle No. 343 


QuickRing comes to VME. The 
SuperCard-4SLX is a multiprocessor 
VME board offering National Semicon- 
ductor’s QuickRing interface. Quick- 


Ring delivers bandwidth to 1.2 
Gbytes/sec. The board also provides 
eight i860 processors arranged as four 
processing elements. It is software- 
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compatible with other SuperCard 
boards and costs $29,000. CSPI, Biller- 
ica, MA. (617) 272-6020. Circle No. 344 


PC-compatible module survives 
harsh living. High shock and vibration 
immunity as well as a -40 to +85°C oper- 
ating range characterize the RUGG-PC 
module. It is based on a 486 or a Pentium 
processor with 64 Mbytes of onboard 
RAM. The 6U VME module includes 
VGA, Ethernet, SCSI, and all standard 
PC I/O functions as well as a PC 104 bus 
interface for expansion. Rack-mountable 
enclosures incorporating floppy- and hard- 
disk drives are available. Prices start at 
$2614. or Industrial Computers, Mission 
Viejo, CA. (714) 855-3235. — Circle No. 345 


Board converts DSP to image pro- 
cessing. Using the IPI-40 interface 
board, any VME DSP board based on the 
TMS320C40 processor becomes an image 
processor. The 6U IPI-40 provides frame 
capture, 8X8 2D convolution, and RGB 
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pseudo-color display drivers. The board 
can handle as many as four monochrome 
NTSC or PAL cameras with variable 
sample rates and frame size. It links to 
the DSP through the processor’s Com- 
port or to other digital video sources 
through a data bus. Prices are $5050 with 
a convolver and $3850 without a con- 
volver. Traquair Data Systems Inc, 
Ithaca, NY. (607) 272-4417. Circle No. 346 


Test bed accesses Futurebus+. The 
TB68EC020-20 accepts 6U VME boards 
and translates the VMEbus signals into 
Futurebus+ signals. It includes the 
board, monitor software, and an inter- 
face cable for connecting to a PC’s serial 
port. The board is a minimal chip-set 
design based on the 68LC040 processor 
and occupies the space of a 12SU Future- 
bus board when mated with a 6U VME 
card. It also works with VME crate-to- 
crate adapters. The board costs $1995. 
Technobox Inc, Mount Laurel, NJ. (609) 
778-5512. Circle No. 347 


SCSI-2 adapter fits PC/104 form. 
Compatible with the Adaptec AHA1520 
SCSI-2 interface, the SCSI-104 fits into 
the PC/104 envelope. The board allows 
a 10-Mbyte/sec burst-transfer rate and 
provides 5-Mbyte/sec synchronous and 
2.5-Mbyte/sec asynchronous sustained 
transfers. In addition to handling seven 


SCSI devices, the board offers two ser- 
ial ports and a PC/AT floppy-disk con- 
troller. It includes onboard BIOS, an 
Adaptec SCSI peripheral interface 
(ASPI) driver, and installation utility 
software. The price is $225. Adastra 
Systems Corp, Hayward, CA. (510) 
732-6900. Circle No. 348 


Multibus communications board 
offers eight serial links. The HC 
486/Lxx uses the Siemens SAB82525 
serial communications processor to offer 
eight channels of full-duplex communi- 
cations with DMA. The board handles 
HDLC communication protocols with 
most layer-2 functions handled indepen- 
dently of the onboard 486 processor. The 
processor comes in 33-, 66-, and 100- 
MHz speeds. The serial I/O interfaces 
come on a removable module, allowing 
you to customize the connection. Con- 
current Technologies Inc, Champaign, 
IL. (217) 856- 7004. Circle No. 349 


Verilog simulator offers parallel- 
processing speed. The Verilog- com- 
piled simulator/multithreaded reduces 
simulation time for large ASIC models 
by as much as a factor of five. The sim- 
ulator accepts standard Verilog HDL 
code and takes advantage of the con- 
currency inherent in most large 
designs. You indicate in a separate file 
the modules within a model that are rel- 
atively independent, and the simulator 
executes these portions in parallel. The 
simulator runs on the shared-memory 
multiprocessing workstations from 
Sun. A two-processor license fee is 
$55,000, and you can add processor 
licenses for $5000 each. Chronologic 
Simulation, Los Altos, CA. (415) 965- 
3312. Circle No. 313 


Low-cost analog and mixed-sig- 
nal circuit simulator runs under 
Windows. ICAP/4Lite eliminates 
some of the features available on 
ICAP/4Windows, but it is not limited in 
the circuit size it will accept. The 32-bit 
Spice simulator includes an integrated 
schematic-entry program, provides 
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ELECTRONIC DESIGN AUTOMATION 


SHB 


me —————— 


real-time display of simulation results, 
and lets you interactively alter parame- 
ters. $595. Intusoft, San Pedro, CA. 
(310) 833-0710. Circle No. 314 


Convert pc-board design data to 
Mentor Graphics Board Station. 
Import Export Direct lets you convert 


Cadnetix, CV, Calay, PCAD, Scicards, 
Telesis, and Daisy pc-board CAD data 
to Mentor Graphics Board Station. 
The tool recovers area fills, wires, 
nets, and split power planes from 
existing CAD databases. It also gen- 
erates net lists and supports blind and 
buried vias. According to the compa- 
ny, the software lets you drop mainte- 
nance on your old pc-board CAD sys- 
tem and convert archived designs as 
needed. Import Export Direct costs 
$15,000. Intercept Technology, 
Atlanta, GA. (404) 352-0111. 
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3D electromagnetic simulation 
software runs under Windows. 
Suitable for analyzing circuits from de 
to over 100 GHz, IE3D runs on PCs. 
According to the company, the software 
has runtimes less than those of compet- 
itive workstation products. The soft- 
ware uses a full-wave integral equation 
and a method-of-moments algorithm to 
achieve the fast runtimes. From $5000. 
Bay Technology, Aptos, CA. (408) 688- 
8919. Circle No. 316 
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Innovation and quality have made BOSE one of America’s most 
respected, most successful audio technology companies. When 
you join BOSE, you'll be part of a team that reveres total quality 
from inception to completion - and employs it to create the 
ground-breaking products on which BOSE continues to build 

its worldwide reputation. 


Electrical Engineering Manager 


Providing management and technical leadership, you will be 
responsible for all aspects of electrical design of new products 
from concept through to the introduction to manufacturing. You 
will ensure design integrity of complex electronic components 
and systems and have responsibility for test, reliability, 
documentation and certification. Duties will include planning, 
budgeting, organizing, staffing, scheduling and reporting. 


BSEE required, MS preferred. A minimum of 8 years’ related 
experience in the development of high volume consumer 
electronics products, including at least 4 years’ previous group 
management experience required. Demonstrated expertise in 
CAD and a solid understanding of DFM methodologies also 
required. You must be highly skilled in project management 
techniques and possess excellent communication skills and 
proven team building abilities. 


In return for your expertise, we offer a competitive 
compensation package. For immediate consideration, 
please forward your resume, to: BOSE Corporation, Dept. 
EDD/DD, The Mountain, Framingham, MA 01701-9168; 
Fax# (508) 872-6542. An equal opportunity employer. 


Better sound through research. 


IOWA MIDWEST 
RF/TELECOM WIRELESS 


|OWA-MINNESOTA-ILLINOIS 
| have immediate openings for Design Engineers 
and Technical Project Managers with BS/MS plus 3 
to 10 years RF/Radio design experience in any of the 
following areas: RF circuit design (100 MHz to 3.0 
GHz), Receivers, Transmitter Exciters, Low-noise 
Frequency Synthesizers, Power Amplifiers, Spread 
Spectrum Modulation, Digital Radio DSP. These 
positions are all with top non-defense companies in 
good Upper-Midwest locations 

DON GALLAGHER, MSEE 

Gallagher & Brei Associates 
1145 Linn Ridge Rd., Mount Vernon, IA 52314 
(319) 895-8042 © Fax (319) 895-6455 


Toronto 
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COMING TO A 
Crty NEAR (OU 
Atlanta San Jose 


Long Beach, CA 
Washington D.C. 
Austin 
Scottsdale, AZ 


EDN-CAREER OPPORTUNITIES 


lf you want to reach over 163,000 
engineering professionals, in over 
52,000 locations, EDN Career 
Opportunities is the best place to 
advertise your company’s positions. 


Get the attention of 100% qualified 
engineers and managers involved in 
designing or developing electronic 
products, who look to EDN 
Magazine’ Classified section for 
career opportunities. 


Only EDN can guarantee you're 
reaching the key design engineers 
in the EOEM. 


For more information on advertising, 
contact: 


JACKIE DANIELS 
Tel: 1-800-603-4859 
Fax: 1-617-630-3925 


Learn DSP and 
put your 
knowledge to 
work 
IMMEDIATELY! 


Gail Z Domain Technologies, Inc. 


BOO -9367- 5034 
404-587-4812 


By taking this 
3-Day Course 
you will really 
learn DSP. 
Guaranteed! 


Hours 9-5 EST. 
Ask for a brochure. 
Our 2-Day Advanced 
Course is ready. Call for 
more info. 


PCB RUSH SERVICE 
Proto Manufacturing 


24 hour Multi/Rigid 
10 day std delivery 
Design & CAM 
Laser Plotting 
LPI/DFSM 

Mil GF & GI 

Nice People 


Dial (800) PCB-RUSH 
Sun Circuits Incorporated 
5124 Calle del Sol 
Santa Clara, CA 95054 
(408)727-7784 fax (408)727-0347 
BBS/Modem (408) 988-3591 
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Newest in 
=e 7-World’s line of 
C-programmable miniature 
controllers, the Little Star™ has 16 pro- 
tected digital inputs, 14 high-current driver outputs, RS232/RS485, 
battery-backed RAM and real-time clock, programmable timers, 
watchdog, and more. The Little Star is also available with enclo- 
sure and LCD/keypad, expansion cards for additional 1/0, and 
optional 18 MHz clock. Our easy-to-use, yet powerful Dynamic 
C™ development system ($195) integrates an editor, compiler, 
debugger, and dozens of software libraries all in source code. 
The Little Star is ideal for OEM control applications, manufactur- 
ing automation, test and data acquisition. 
24-Hour AutoFax 1724 Picasso Ave. = 
916.753.0618. Call Davis, CA 956016 (gla ae 
from your FAX. 916.757.3737 =< WORLD 


Request catalog 18. 916.753.5141 FAX Bs CR ee 
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This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


UNIVERSAL/GANG PROGRAMMERS 


TUFLEX.700 
48 pinfrom $945 
40 pin from $845 


Appreciated by over 70,000 users worldwide 


@ Supports Altera 7xxx, MACH 435, Xilinx, 
Intel FX7xxx, nearly all FPGA/CPLD/PLD... 

@ Support EPROM, 28/29F flash, serial PROM, 
PSD4XX/5XX, Intel/Motorola/NEC/Hitachi MPU 
devices. Over 3,000 devices supported. 

@ Test TTL 74/40/45 series, DRAM(SIP/SIMM), 
and SRAM. EPROM EMULATION option. 

@ Gang programming & stand alone option. 

@ Universal 44,68 pin PLCC modules. 


Tribal Microsystems Inc. 

44388 S. GRIMMER BLVD., FREMONT,CA 94538 
Tel: (510) 623-8859 

Fax: (510) 623-9925 


CIRCLE NO. 263 


IT 


PSS Sess | AS 
EPROM EMULATION SYSTEM 


" The Most Flexible 
EPROM Emulator 
=, You Can Get Today 


* Emulates up to eight * Accepts Intel Hex, 
4-Megabit EPROMS through Motorola S-Record and 
one standard serial port Binary files. 


* Downloads 2-Megabit * Software available for IBM 
programs in less than 23 PC and compatibles. 
seconds 

* Base 27256 EPROM 
* Examine and modify System $395.00. Other 
individual bytes or blocks. configurations available. 


@ . e 
Ay Incredible Technologies, Inc. 
yw’ Visa, Mastercard and American Express Accepted 


Order Now - It’s Easy 
Call (708)870-7027 Or Fax (708)870-0120 
For More information 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


DECISION 


IS YOURS! 
as to who gives you the best value? 
5S Day Turn For FR4 
QUANTITY 2 5 10 QUANTITY 2 5 10 


15 $245 $950/$1175 
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8 LAYER (SQ IN) | 6 LAYER (SQ IN) 


SERVICES 
¢ Same day Prototype 
¢ Hi-Volume Production Runs 
¢ Instant Quotes 
¢ Complete CAD/DFM Service 
¢ Deep Tank Gold & Palladium 

a AS eit ¢ 24 Hour Modems 
° Gold $50.00 Testing * Gerber/AutoCad/HPGL/P-CAD 

: * SMT & Thru Hole Assembly 
¢ Stencil 


CALL US TODAY AT 
408-748-9600 
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4 LAYER (SQ IN) | DOUBLE (SQ IN) | SINGLE (SQ IN) 
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Best Value in the World 
fe 


or 
POLYIMIDE & FR4 


1 to 5 DAY TURN 
1 to 12 Layers 


PRINTED CIRCUIT PROTOTYPES 
3 


M5 PIECES x1.34 MH 5 DAY PRICES ABOVE 
M 10 PIECES x 1.67 Mi UL LISTED 

EXTRAS CAPABILITIES 

@ Buried & Blind Vias 

: @ Polyimide Multilayer 

@ Testing BH Full Body Gold 

@ Gold Contacts - $50 @ Carbon Paste 

Wi 25% - Below8 Mil Hole Tin nickel burn-in boards 


H SMT-SMOBC 
- Below 1S MilHole gy Up to 22 layers 


@ SMOBC & LPI - $50 W@ Impedance control boards 
FOR MORE INFORMATION CALL OR FAX 


Ken Bah! M1108 W. Evelyn Ave., Sunnyvale, CA 94086 
Phone (408) 735-7137 FAX (408)735-1408 Modem (408) 735-9842 


DISCOUNTS 


@ Photo Plotting 
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Ne) MicroSim Corporation 


A Complete Line of Development 
Boards, Programmers and 
In-Circuit Emulators 


DS-186 — In-Circuit Emulator for 
80C186/8/XL/EA/EB/EC, V40/50 
8086/8 and other uCs 


*** NEW ADDRESS IN THE USA*** 


Call today for your 
free demo and 
software update 


Toll Free: 1-800-833-4084 


7 EDGESTONE CT. 
FLORISSANT, MO 63033 
TEL: 314-830-4084 
FAX: 314-830-4083 
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ANALYZER-EMULATOR 


UniLab 862 


(J PC Based, wes 
Zero-Wait-State dpenainn 
LJ Non-Stop Analysis: Define & Refine Triggers & View 
Multiple Traces On-The-Fly 
J Source Level & Symbolic Debug 
(J Built-In EPROM Programmer 
_J Same Base Unit Supports Most 8-bit pCs & 
uPs, including 8051, 68HC05, 68HC11, Z80, 


800196, 6502, 8085, etc. 1-800-729-7700 


Tel: 415-327-8800 
Fax: 415-327-9881 


180 Independence Dr., Menlo Park, CA 94025 U.S.A. 


INSTRUMENTS 
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Search commands 


Z90H 240H 


38 .A60, 7 F290n | 

54.900. : 964m | 
16.900, 1 8166m 
Label point 


¢ Stimulus generation. 
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The universal schematic capture front-end is now avail- 
able for Windows. DesignWorks™ for Windows has all the 
same workstation functionality as its Macintosh coun- 
terpart, including full hierarchy with unlimited levels, 
automatic gate packaging and comprehensive symbol 
libraries. DesignWorks is built to work with PCB, FPGA, 
ASIC, and SPICE packages from any vendor. Custom 
netlist/report generation, back annotation, EDIF 
schematic support and a custom programming interface 
free your designs from being locked into one layout pack- 
age or one simulator. 


CALL (800) 444-9064 FOR YOUR FREE DEMO! 


CAPILANO COMPUTING 
(604) 522-6200 Fax (604) 522-3972 
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Softools, Inc. is the single source for Z80 & 
Z180/HD64180 low-cost development tools in- 
cluding ANSI C cross compilers, macro-assemblers, 
realtime kernels, and now introducing the lowest-cost, 
full-featured, non-intrusive in-circuit emulator available. 


Do it right! 


Z18S0 Complete Solution 


Up to 20Mhz, 0 wait state emulation @ Up to 115k baud serial 
downloads - 105k in 10s @ 128k to 1MB write-protectable over- 
lay RAM @ 1 MB execute, memory read/write, I/O write break- 
points ® 1 MB address monitor, breaks on any combination of 
execute, read or write from address. @ Debug without hardware 
© Includes: High-powered Turbo-debug-like source-level debug- 
ger @ Debug assembly and C code @ Open multiple windows ® 
Watch/inspect/modify any C variable of any type @ Structs and 
arrays expand into members and elements @ Banked program 
support @ Unlimited program size @ Full mouse support ® Runs 
under Windows 3.1 @ Seamless support for Softools’ Control 
Cross-C and others @ Do it right - fix your bugs fast! 


Z180 ICE-CUBE INTRO PRICE FROM $1739 


Also available -- ANSI C compliers, macro 
cross-assembiers and real-time OS packages 
for the 8085, Z&SO, 2180, Z2s80, and TLCS-= 


410-964-9903 Sales 
410-964-9398S05 FAX/ BBSY 


® 1994, Softools, Inc. All trademarks owned by their respective companies. 
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For those small circuit analog designers who want the technical 
sophistication of PSpice, we now have a low cost solution for you! 


The PSpice circuit simulator comes complete with: 
¢ Analog library of over 7,200 devices. 

¢ Analog Behavioral Modeling. 

¢ Monte Carlo & sensitivity/worst-case analyses. 

¢ Enhanced graphical waveform analyzer. 

* Device characterization. 


Small-circuit PSpice is now available at an unprecedented price of § 


495 


20 FAIRBANKS ¢ IRVINE, CA 92718 ¢« USA 
(800) 245-3022 « (714) 770-3022 * FAX (714) 455-0554 


Find out how you 
can break through 
the clutter to get big 
results for a small 
price, by placing a 
4-color ad in 
EDN Product Mart. 
Call Joanne Dorian 
at (212) 463-6415 
for details. 
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"SAVE MONEY _ 
With Lexan® FR700 Film 


For Barrier Insulation 
¢ UL94 V-0 rated at .010" ¢ High heat resistance of 
275°F e Excellent dielectric strength ¢ Easy 
fabrication-sharp folds, intricate die-cut shapes ¢ 


Competitively priced ¢ Call for free information: 
(800) 451-3147 3103 


@ 


® Registered Trademark of GE. 


GE Plastics 
Structured Products 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 


@ Wide ranging device support from the : 
smallest PROM to the most complex FPGA - | 
PC-based EPROM programmer to full blown | 
Universals (and everything in-between) ‘ 
from $395 


@ Hand held battery portables 
| @ Production gang programmers 
@ Turn-key board programming systems 
| Stag Microsystems, Inc 
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BEST PRICE FOR PROTOTYPE CIRCUIT BOARDS 
FR-4 - FLEX - POLYIMIDE 
24 HOUR TO 120 HOUR 


2 PIECES, FR-4, 062 THICK, 8/8 DESIGN, 5 DAYS 


TOTAL SQ. IN. AREA 
LAYERS 120 


SINGLE 


$ 380/$ 440 
$ 850|/$ 980 
$1,040 |$1,200 
$1,050|$1,130 |$1,420 


DISCOUNT 10% 


MATERIALS: EXTRAS: 

+ FR-4&FR-5 +*© ARTWORK 

* TIN LEAD * FLEX * ELECTRICAL TEST 

* TIN NICKEL + POLYIMIDE + SMOBC WITH LPI $50 

* GOLD BODY * DUROID * GOLD CONNECTOR $50 

+ BELOW 8 MIL TRACES & 
15 MIL HOLES 25% MORE 


CAPABITILIES : 
* S.M.O.B.C. 


* BLIND/BURIED VIAS” + TEFLON 
* ELECTRICAL TEST 
* 4 MIL TRACES & GAPS 


* 8 MIL THRU HOLES PLEASE CALL OR FAX : 


MODEM (408) 988-3415 Circ 
CORPORATION 


TEL. (408) 988-3980 - FAX (408) 988-4534 
3391 KELLER STREET * SANTACLARA + CALIFORNIA 95054 
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HIWIRE Il 


Schematic and PCB Software 


PESMEREY GF EF gee £ 


With support for expanded and extended memory, 
HiWIRE I] can handle your most demanding schematic 
and PCB designs. The unique HiWIRE |! editor allows 
you to display and edit schematics and PCBs 
simultaneously, using the same commands for each. 
HiWIRE II is $995 and is guaranteed. 


® Wintek Corporation 
vv WINTEK 1801 South Street 
Lafayette, IN 47904 
Phone: (317) 448-1903 
1-800-742-6809 
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PCI BUS EXTENDER 
and BUS ISOLATION EXTENDER 


Adex Electronics 
22994 El Toro Road 


Speed up your PCI product devel- 
opment and testing time using the 
best featured and best valued PCI 
Bus Extenders and Bus Isolation 
Extender. 


Call now for more information. 


Tel: 714-768-3211 
Lake Forest, CA92630 Fax: 714-472-9654 
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Understanding the FFT 
Just Got a Whole Lot Easier 


At last a videotape that enables you to 
visualize the FFT and how it works! 


¢ colorful computer graphics 
¢ clear explanations in plain English 
¢ emphasis on practical aspects of 
using an FFT 
Only $99 
Call Now (800) 381-7617 
Technical Education Videos 
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You Dont Have 
To Buran Your 


NEW DATEL 
CATALOG 
HAS 50 
NEW 
PRODUCTS 


New 64-page DATEL catalog. New-product 
information and product-selection guides for 
data conversion components, DC/DC con- 
verters, DPM’s and I/O boards for PC/AT, EISA 
and VME. ADC’s up to 14 bits at 1OMHz. Mod- 
ular DC/DC’s up to 50 Watts. Smallest 3'/2and 
4'/* digit LED/LCD DPM’‘s. EISA I/O boards to 
12/14 bits at 1OMHz. Detailed specs for many 
new products. 


DATEL, Inc. 

11 Cabot Boulevard 

Mansfield, MA 02048 

(508) 339-3000 « (800) 233-2765 
FAX (508) 339-6356 
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of 
Systems 
Boards 
Components 


Analyzes all types of Electronic 
Boards, Cardcages, Cabinets, ASICs, 
MCMs, and Many More. 

Concurrrent Thermal Analysis 

3-D Modeling, High Accuracy 

Failure Analysis Enhancement 
Interfaces with Mentor, Cadence, Pads 
Valid, P-Cad, Cadstar, Tango, Orcad ... 
Available on PC and Unix (Sun & HP) 


The BE TAso/t Series 


Dynamic Soft Analysis, Inc. 
Tel (412) 683-0161 Fax: (412) 683-3641 


CIRCLE NO. 235 


LOGICAL 


Devrdes Lakel Thal 


Has a Full 
Range of 
High Quality 
Universal & Gang 


(EEPROMs, FLASH, PLD, 
& MICRO CONTROLLER) 


Programmers 


mole jerits 


DEVICES, INC. ai 
TEL: (305) 428-6868 g 
FAX:305} 428-1811 elec 


I 800 331-7766 Ext: 103 
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To advertise in Product Mart, call Joanne Dorian, 212-463-6415 
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X-Med's 14’ and 15” low-radiation 
super VGA monitors are listed to 
UL 544 medical standards, and 
feature patented lowJeakage EMI 
filters. Other features include: 

e Small footprint fits any desktop. 

e Ergonomically designed screen 
controls with easy pincushion 
correction. 

e Built-in autosizing and 
autocentering. 

e Multiscanning to maximize 
resolution, picture quality 
and graphics card 
compatibility. 

e State-of-the-art surface 
mount technology. 

Contact us today for additional 

information and specifications on 

these outstanding new monitors. 


: grated 
Vindows 32-bit 


Post Processor 
_ Ye: Yes 
rade path Yes ? 
Yes Yes 
ductory Price - $445 includes $150 certificate 
sie Re oan Tk) oe towards any upgrade (Reg. Price $595, (‘til 9/15/94)) 
+ beter.  =}.~ | Call or write for your free information and demonstration kit. 
le | | Z> po.Box710SanPedro, Tel. 310-833-0710 


pe weg . 2311 Statham Parkway, Oxnard, CA 93033 
iid intusoft _ eee Fax 310-833-9658 (805) 486-4565 © FAX (805) 487-8011 


| X-Med Systems Division of 
Condor D.C. Power Supplies, Inc. 
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Low-Cost Digital Multimeter Adapter 


Quatech's new DMM-100 is a digital multimeter adapter for IBM PC/AT 
and compatible computers. Input functions include DC and AC voltage, 
DC and AC current, resistance, and diode/continuity tests. The DMM- 
100 provides a full 3 3/4 digit resolution and programmable sampling 
rates from 10 samples per second to over 1 hour between samples. 


Complete System $1695.00 


New Windows 3.1 Compatible Software 


e48 Chnnis @ 50 MHzx 4K words deep 

16 Trigger Words/16Level Trigger Sequence 

e Storage and recall of traces/setups to disk 

¢Disassemblers available for: 68000,8088,8086, 
6801, 6811, 280, 8085, 6502, 6809, 6303, 8031, 64180 


NCI G7 6438 UNIVERSITY DRIVE, 
HUNTSVILLE, AL 35806 
(205) 837-6667 FAX (205) 837-5221 


For more information and a free product catalog call: 1-800-553-1 170 

662 Wolf Ledges Parkway FAX (216) 434-1409 

G3 QUATECH Akron, Ohio 44311 BBS (216) 434-2481 
CIRCLE NO. 242 _ - CIRCLE NO. 260 


PROGRAMMABLE 
KEYBOARD ENCODER 


eget 


Powerful PLD and CPLD 

design: starting at $2295 

ABEL”, the industry-standard universal 

PLD design tool, now offers you more 

power for less: 

¢ New StateCAD"™ graphical entry 
option lets you draw state machines 

¢ VHDL - Direct™ option for full 
VHDL design entry and synthesis 


¢ New optional fitter support includes 
AMD* MACH, Altera® MAX, and 
Lattice® pLSI devices 


To order call 1-800-3-DataIO EXT. 602 
(1-800-332-8246) 


JSE145 


The first truly universal keyboard encoder can accom- 
modate any keypad layout with up to 24 lines (up to 
144 keys). Supports PC XT/AT and RS232 interfaces. 
can operate in parallel with standard IBM keyboard. All 
key codes and interface parameters are stored in EEP 
ROM and can be changed by the user at any time using 
a supplied utility. 2.4'x3.6", $145 qty 1, volume disc. 
avail. 


VG Controls, Inc. 
34 Jenkins Rd., Hewitt, NJ 07421 
Tel (201) 853-4600 Fax (201) 853-7913 
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200MSa/s 
Digital Oscilloscope 


- 200 MSa/s Sampling Rate 

- up to 128K Samples/Channel 

- PC-BASED INSTRUMENT 

* 2 Analog Channels (2 ch. Oscilloscope) 

* 8 Digital Channels (8 ch. Logic Analyzer) 
- All 10 channels can be used at same time 
- Simultaneous use of all 10 channels 

- Cross Triggering of Digital and Analog 

* 125 MHz Single Shot Bandwidth 


$1799 DSO-28200 (200MSa/s, 4K/Ch) 
$2285 DSO-28264 (200MSa/s, 128K/Ch) 


400 MHz 
Logic Analyzer 


- up to 128 Channels 

- up to 400 MHz 

- up to 16K Samples/Channel 
- Variable Threshold 

- 8 External Clocks 

- 16 Level Triggering 

- Pattern Generator (Option) 


$1299 - LA32200 (200 MHz, 32 Ch) Pods & Software 
$1899 - LA32400 (400 MHz, 32 Ch) included 

Also Available: 
$799 - LA12100 (100 MHz, 24 Ch, TTL only) 


Universal 
Programmer 


PAL - GAL - MICRO 
EPROM - EEPROM - FLASH 


$475 
Call for full device support list 


Free software updates on BBS 


Call (201) 808-8990 
y Link Instruments 


369 Passaic Ave, #100, Fairfield, NJ 07004 fax: 808-8786 


Relex 


Reliability Software 


Relex Reliability Software, long known for its power and 
flexibility, is now available for Windows, the Mac, and 
DOS! With features such as a powerful CAD interface, 
system modeling, impressive graphics, and unmatched 
user-friendliness, Relex is the ultimate, intuitive solution! 


¢ MIL-HDBK-217 ¢ Bellcore * Parts Count « 
¢ Mechanical ¢ CNET ¢ FMECA ¢ more e 


Call 410-788-9000 Today For a Free Demo! 
INNOVATIVE SOFTWARE DesiIGNs, INC. 


Two English Elm Court 410-788-9000 
Baltimore, MD 21228 USA FAX 410-788-9001 


CIRCLE NO. 257 


z= ICE/MASTER 
 In-Circuit 
Emulators 
From $851 


BS mw Ensy to learn & use 


= = @ Windowed interface-- 


=} user configurable 
== © Real-time and non- 
or intrusive 

~ i Source level debug 


m Support for structures, arrays, unions and pointers 

m Trace buffer with advanced searching capabilities. 

m Fast serial (RS-232) link to any PC, even laptops. 

m Broad support of derivative devices /interchangeuble probe cards 
@ Rental and 10-day trials available. 

® Call today for free demo disk 


(800) 638-2423 


AA 


Mh cococier MetaLink Europe GmbH 
Phone: (602) 926-0797 Teleton: (08091) 2046 
Fax (602) 926-1198 TeleFax (08091) 2386 
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Talk Is Cheap, 
Even Digitally. 


MODEL: VP1410 


* QuikVoice™ technology 

* Plays up to 10 messages 
stored in externalEPROM 

* 10 direct-trigger pins 

*CVSD encoding 

*3 - 6V single supply 

* DIP or surface-mount 

* Low cost 


Let your product speak for itself! 


Our QuikVoice family of digital voice boards and IC chips 
give your product the competitive edge by letting them 
talk in real voice. Imagine how much more “user friendly” 
your product will become! Conventional voice technol 
ogy requires high tooling cost and long turn-around time, 
while QuikVoice technology allows you to create avoice 
EPROM in just minutes with low-cost in-house equip- 
ment! Change messages easily or customize messages 
for each of your customers! 


ELETECH ELECTRONICS, INC. 
16019 Kaplan Ave, Industry, CA 91744 (818) 3336394 


SOIC TO DIP 


WITH DIP/SOIC 
PACKAGE CONVERTER 


* Convert surface mounted SOIC pattern to DIP. 
¢ Solder to SOIC Land Pattern. 

¢ Then plug DIP IC into DIP socket. 

* DIP pins are gold plated machined pins. 

* Multiple sizes available 


IRONWOOD ELECTRONICS 
P.O. BOX 21151, ST. PAUL, MN 55121 
(612) 431-7025; FAX (612) 432-8616 


5-Year Standard Warranty 
Lifetime Software Updates 


Unmatched in 
Programmer 
Value! 


Superior Device Support: 
Intel IFX 780, 87C196XX, 28FOO16SA, Altera MAX 7XXX, AMD 
MACH 435, WS! PSD5XX, Xilinx 1736, 1765 (over 3000 devices) 


30-Day Money Back Guarantee Made In USA 


750 N. PASTORIA AVE., SUNNYVALE, CA 94086 USA 
Tel: (408) 730-5511 Fax: (408) 730-5521 


and FMECA 
[Ss o FTW AR E | 


PSI has a full line of reliability tools designed to fit 
your commercial and military needs for analysis of 
electronic, electrical, or mechanical equipment of any 
complexity. 

Our family of software is packed with a variety of 
features to assist you throughout your entire 
prediction. 


¢ Reliability + Industrial « Automotive 
« Parts Count « Mechanical 

« System Reliability - Maintainability 
« FMECA + Process FMEA 


Call 1-800-779-0202, Code 013344 
to receive a direct FAX 


Put us to the Test-—Caill for a Demo Package! 
== POWERTRONIC SYSTEMS, INC. 
—— == — — 13700 Chef Menteur i 


== — = New Orleans. LA 7012 
Se 50.054 0383 Fax 504-254-0303 | 
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JOHN COOLEY, EDA 
CONSUMER ADVOCATE 
& ESNUG FOUNDER 


120 = EDN July 21, 1994 


EDN-COLUMNIST 


One-trik ponies? 


“T’ve been told by quite a few people not to 
discuss this topic publicly,” says Joe Costel- 
lo, CEO of one of the world’s largest EDA 
companies: Cadence. “Other EDA CEOs said 
not to discuss it because itll only anger cus- 
tomers. The PR people carefully tried to tell 
me to avoid this topic altogether because of 
‘negative customer reaction.’ My big cus- 
tomers warned me not to discuss this with 
other customers because they probably 
won’t like what’s being proposed. Even my 
lawyers said not to talk about this because it 
might violate some antitrust law—and that 
the customers won’t like it,” 
said Costello in a recent phone 
interview. 

Costello isn’t trying to pub- 
lish some closely held business 
secret like the formula for Coca- 
Cola. No illegal diversion of fed- 
eral funds or North Korean 


@eeeeesee eee eoseeeed 


“Even my own 
lawyers said not 
to talk about this 
because it might 

violate some 


Of course, everyone also agreed with the 
concept of paying EDA companies “protec- 
tion money,” in the form of annual mainte- 
nance fees of 12 to 15% of the purchase price, 
to keep hardware (and software) running 
smoothly. This bought the right to phone the 
EDA company when things didn’t work— 
and even have technicians sent out if things 
got really bad. You need experienced hands 
to keep the electronics functioning. And 
software “repairs” weren’t real anyway, just 
an occasional tape sent for free from some 
address in California. 

After a few years, better work- 
stations emerged that made old 
workstations look, well, old. ““No 
problem!” says the company 
accountant, “Just buy new work- 
stations. I’ll depreciate all the old 
ones!” Management then, to the 
glee of the EDA vendor, approved 


nuclear-weapon plans involved _gpftitrust law— big bucks for the purchase of new 
here. Joe just wants to chal- EDA workstations—and new 
lenge how the EDA industry and that the Pee 8 software. 

views its software pricing, sup- customers won tf As time went by, the EDA 
port costs, funding new soft- like it!” industry changed. Eventually, 


ware development, and paying 
for upgrades. If the industry 
won’t meet his challenge, he at 
least wants the engineering community as a 
whole to reexamine this topic seriously. 


Turnkey pricing 

Historically, EDA companies sold hard- 
ware and software together as a turnkey 
package. Early on, it was much easier to 
convince a purchasing manager to fork out 
the $30,000 in capital expense for a work- 
station that he, the accounting department, 
and the IRS could physically put their hands 
on. Even nontechies knew that workstations 
had fairly well-defined product life spans 
that fit rather nicely into standard IRS- 
acceptable depreciation schedules. EDA 
software, on the other hand, wasn’t some- 
thing you could touch, was easily copied, and 
had a problematic quasi-indefinite life span 


that wreaked havoc on accounting deprecia- 


tion tables. Let’s just ask those EDA sales- 
men to throw in the software for free, OK? 


Joe Costello, CEO, Cadence 


the EDA vendors got out of the 
hardware business altogether 
because customers wanted one 
workstation with one operating system that a 
variety of different EDA and gaming soft- 
ware packages could run on. Also, accounting 
departments became more sophisticated on 
how to handle software purchases. The trick 
is to buy EDA software the same way we 
bought workstations: Purchase price plus the 
annual protection money to keep those tapes 
arriving from that address in California! 

Here’s where Costello stepped in with 
some observations: “This business model 
works great for the first few years if you 
have a hot product that’s flying like a rocket: 
ship to the stars. You make your money sell- 
ing licenses for $25,000 a copy. The 12% 
annual maintenance fee rarely covers the 
actual expense of staffing a hot line plus 
development of the next generation of tools; 
no one’s complaining when you get 33% pre- 
tax profits on sales. 

“The gotcha comes when you’ve sold your 


hot product to customers that expect 
the next generation of the product to be 
covered by the 12% annual mainte- 
nance fee. If you look at it, you see it’s a 
bankrupt strategy because you never 
get the influx of cash that used to come 
when the customer bought new EDA 
hardware and software in the turnkey 
pricing model. 

“Instead,” said Costello, “customers 
develop elaborate schemes to get maxi- 
mum use out of EDA software with an 
eye on paying minimal dollars to the 
EDA companies. Exemplifying this are 
customers who demand floating licens- 
es in lieu of buying extra fixed licenses. 
This absorbs tremendous demand for 
EDA software while successfully keep- 
ing money out of the EDA vendors’ bud- 
gets. I even have customers who are 
talking about floating licenses across 
T1 lines so they can run one license over 
three rotating world shifts: first in 
Europe, next in the US, then in 
Japan...and then back to Europe! 
Where does the EDA vendor win—or 
possibly break even—with this busi- 

ness model?” 

Costello went on to describe an 
industry scenario where customers 
who pay maintenance fees establish a 
double standard, which I witnessed a 
few months back: In a small-scale 
Cadence customer rebellion on the 
Internet news groups comp.lang.ver- 
ilog and comp.cad.cadence, engineers 
complained about being asked to pay 
$10,000 to upgrade their Verilog-XL 
license to Turbo-Verilog. Established 
customers had no qualms with 
Cadence’s charging new customers the 
extra $10,000, but, because they paid 
maintenance fees all these years, the 
long-term customers felt the upgrade 
should be free. 

The double standard that Costello 
pointed out is that a completely new com- 
pany like Chronologic can offer a Verilog 
upgrade for a higher price and customers 
don’t balk because they’re buying a 
“new” EDA tool. “This dooms all EDA 
companies to being purely one-trick 
ponies,” Costello said, “where new com- 
panies cycle in to supplant the old com- 
panies purely out of a poorly thought-out 
EDA-industry business model.” 


A secret marriage 
Before you get teary-eyed and pull 
out your corporate checkbook to sup- 


port the EDA vendor of your choice, 
there are some other factors an EDA 
consumer should be aware of. During 
the interview, I did some back-of-the- 
envelope calculations to figure out how 
much money Cadence made from sell- 
ing Verilog. I came up with a total of 
$250 million for a 7-year period. Verilog 
was a real cash cow for Cadence. Yet, 
five guys in a start-up called Chrono- 
logic wrote a screaming Verilog simu- 
lator in 15 months. 

What’s unstated in Costello’s overall 
observations is that he’s seeking an 
unwritten contract that, once you make 
a significant purchase from an EDA 
company, you are making a commit- 
ment to that vendor for better or for 
worse. This means that you’re giving 
this EDA company control of your 
design process, even though its goals 
may not always match yours. 

With a quarter of a billion dollars in 
Verilog income, Cadence could have 
easily spun off a compiled Verilog pro- 
ject. Instead, it used that cash to 
finance all sorts of projects, many of 
which were against customers’ own 
vested interests! That is, a customer 
that has tens of thousands of man-hours 
invested in using Verilog design 
methodology isn’t particularly well 
served when Cadence takes Verilog 
income to finance a VHDL simulator to 
sell for new-license income. Or how 
about the Synopsys/Cadence customers 
who see Cadence Verilog dollars going 
into writing a competing synthesis 
tool? (Synopsys is no saint either—it 
used Verilog-synthesis dollars to 
finance a VHDL simulator and an 
ATPG tool, among other products.) The 
point is that sometimes big EDA com- 
pany’s vested interest is to sell any type 
of license to keep cash flow positive. 

The positive side of helping small 
EDA companies is that virtually all of 


your EDA dollar goes to where you 
think you’re putting it. That is, if you 
buy an ATPG tool from Sunrise Test, 
your money most likely isn’t going to be 
financing a new schematic-capture tool, 
because the company is concentrating 
on keeping its ATPG tool competitive. 

To remedy the situation, Costello is 
experimenting with spinning off com- 
panies for new products, as opposed to 
keeping them an incorporated part of 
Cadence. Instead of absorbing Comdis- 
co and newly purchased Redwood, 
Cadence is merging the two companies 
into one business unit named Alta, 
which will retain its own sales staff, 
R&D team, and support group. 

A second way Costello is thinking 
about remedying the problem business 
model is to adopt the PC software pric- 
ing-and-services way of doing business. 
Customers buy a specific version of an 
EDA tool. If they want an upgrade, they 
pay for it. Also, customer service is bro- 
ken into various support levels—all based 
on what the customer pays for in support. 

Costello closed the interview with an 
interesting statement: “Although 
absolute dollars in the EDA market have 
grown steadily over the past seven 
years, you'll find that the percentage 
investment by EDA consumers for EDA 
tools has decreased by 50% in those 
Same seven years. Seven years ago, elec- 
tronics companies used to spend 2% of 
budgets on EDA tools; now they spend 
only 1% of their budgets on EDA tools.” 


John Cooley, an EDA consumer 
advocate and founder of the out- 
law E-mail Synopsys Users Group 
(ESNUG), lives on the Holliston Poor 
Farm in Massachusetts. He raises 


sheep and is an EDA- and ASIC- 
design instructor and project-in-cri- 
sis consultant. He can be reached at 
“jcooley@world.std.com” or at 


(508) 429-4357. 
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Surface Mount 
Audio 
Transformers 


PICO surface mount units utilize 
materials and methods to with- 
stand extreme temperature 
(220°C) of vapor phase, !|.R., and 


other reflow procedures without 
degradation of electrical or me- 
chanical characteristics. 


See EEM 
or send direct 
for Free PICO Catalog. 


Call toll free 800-431-1064 
in NY call 914-699-5514 
FAX 914-699-5565 


ad / CO Electronics, Inc. 


453 N. MacQuesten Pkwy., Mt. Vernon, N.Y. 10552 
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Company 


AMP Inc 

Accel Technologies Inc 
Accutrace 

Adastra Systems 

Adex Electronics 
Advanced Micro Devices 


Altia Inc 
Analog Devices Inc 


Analogic Corp 
Atmel Corp 


B & C Microsystems 

Belden Wire & Cable 

Burr-Brown Corp 

CEIBO 

Capilano Computing 
Systems 

Capital Equipment 

Cirexx 


Condor DC Power Supplies 118 


Crystal Semiconductor 

Cybernetic 
MicroSystems Inc 

Cypress Semiconductor 

Data I/O Corp 

Datel Inc 

Digi-Key Corp 


Dynamic Soft Analysis Inc 


ECM for Wescon 
Ecliptek Corp 
Eletech Electronics 
GE Plastics 
GE Rental/Lease 
Gennum Corp 
Illinois Capacitor 
Incredible Technology 
Innovative Software 
Design Inc 
Integrated Device 
Technology Inc 
Intel Corp 


Intusoft 

Ironwood Electronics 
Linear Technology Corp 
Link Instruments 
Littlefuse 

Logical Devices 


~ Maxim Integrated Products 


Mentor Graphics 
Metalink Corp 
MicroSim Corp 
Mini-Circuits 
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Company Page Circle 
Mitsubishi Electronics 

America Inc 90-91 94 
Motorola Semiconductor 

Products Inc 59 
Mueller Electric Co 110 49 


Murrietta Circuit Design 56 


NCI 118 242 
NEC Corp 64-65 69 
National Semiconductor 26-29 
69 
Novotechnik 108 47 
Omron Electronics Inc 99 95 
OrCAD C2 82 
Orion Instruments 116 243 
Philips Semiconductor 57 
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DAVID BRUBAKER, 
Fuzzy LOGIC 
CONTRIBUTING EDITOR 


Several years ago, Steve Marsh, director 
of strategic operations at Motorola (Austin), 
visited Japan. Having checked into his hotel, 
he had only enough time to drop his baggage 
in his room before hurrying to dinner witha 
customer. He entered the elevator and 
pushed the button of his floor. The elevator 
doors closed, and, in a few seconds, opened 
again. Thinking that someone had pushed 
the elevator-request button, Steve held the 
door open and looked out, but no one was 
waiting. When he 
reached again to 
push the button 
for his floor, he 
discovered he was 
already there. 
The elevator had 
transported him 
several floors 
without his feel- 
ing any motion. 

Being an engi- 
neer, Marsh was 
intrigued, so he 
commandeered 
the elevator and 
played awhile, 
moving between floors, both short and long 
distances, both up and down. Concentrating 
now, he could feel the car moving but was 
amazed at the lack of its jerk in both start- 
ing and stopping and at its smooth accelera- 
tion and deceleration. I don’t know whether 
Steve made it to his dinner on time, but he 
later had Motorola personnel inquire about 
why the elevator’s movement was so smooth. 
The explanation was simple: Fuzzy logic 
controls the elevators. Steve became a 
believer. 

What is this serious technology with the 
funny name? In its most general definition, 
“fuzzy logic” is the mathematical basis, for- 
mulated and named nearly 30 years ago by 
University of California, Berkeley, Professor 
Lotfi Zadeh, that allows for shades of gray, 
or “fuzziness,” between absolute truth and 
falseness. In fuzzy logic, an assertion can be 
partially true, and, if so, can also be partial- 
ly false, to the degree that it is not true. 


P of tomorrow? 


This simple-sounding concept has become 
a rather dramatic springboard. By stepping 
beyond the black-and-white world of bilevel 
logic and into the shades-of-gray world of 
fuzzy logic, we become better-equipped to 
deal with uncertainty, vagueness, impreci- 
sion, nonlinearities, and even time variance; 
in short, fuzzy logic helps us deal with much 
of the real world. Allowing logic to be fuzzy 
gives us greater ability to get our arms 
around systems that in the past had defied 
understanding. 

Extending this definition, are fuzzy logic 
systems logically those that in some manner 
employ this mathematical basis? The 
answer is, “yes and no.” Yes, in a general 
sense, and no, because, over the last few 
years, the phrase “fuzzy-logic system” has 
come almost exclusively to mean a rule- 
based system with rules stated as relation- 
ships between fuzzy variables. These fuzzy 
rule bases, which we will detail in future 
columns, are at the heart of many systems 
in diverse applications. Even in this coun- 
try, which lags behind both Japan and 
Europe in fuzzy engineering, fuzzy prod- 
ucts are starting to emerge. For example, 
General Motors Corp uses a fuzzy controller 
for the Saturn’s automatic-transmission 
downshift mechanism, and Liebert Indus- 
tries uses one in its LogiCool temperature 
and humidity controller. Metus Systems 
uses fuzzy logic in a fraud-detection system 
for health-care providers, and Delta-X 
Research developed and sells a Windows- 
based program that uses a fuzzy version of 


an IKEE/ANSI standard to analyze faults 


in large electrical-power transformers. 
Many more fuzzy-development projects are 
under way. 

Having touched on what fuzzy logic is, I 
should also mention what it is not. It is not 
probability, although both fuzzy logic and 
probability deal with uncertainty. It is also 
not neural nets, although the two technolo- 
gies work well together. And it is not arti- 
ficial intelligence: Although adaptive fuzzy 
systems can and are being implemented, 
basic fuzzy systems are deterministic. 
Fuzziness does not imply learning. 
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Where is fuzzy logic headed? I see a historical parallel. 

In late 1973, I was a young engineer less than a year out of 
a master’s program in electrical engineering and working in 
a group that designed satellite attitude-control systems for 
TRW Defense and Space Systems in Redondo Beach, CA. 
First-generation pPs were available, off the shelf, from 
Fairchild, Intel, National Semiconduc- 
tor, and Rockwell International, with 
other vendors scrambling to introduce 
their devices. The trade journals, 
including EDN, were just starting to 
publish articles that gave glimpses into 
the wP’s early potential. 

I found the new technology exciting. 
One lunch hour, I consumed a detailed 
introductory article and wanted to tell 
someone what I had learned. In the 
lab, I found Bob, a senior engineer, 
sitting at one of the benches trouble- 
shooting a hybrid analog/digital 
breadboard with an oscilloscope. 

As I recounted details from the arti- 
cle, Bob didn’t stop probing his circuit, 
but he did listen. After a few minutes, I 
paused for a breath, and he said, “But 
how would we use it?” I thought for a 
moment and realized with some embar- 
rassment that I didn’t know. As I recall, the article had an 
example of a wP-controlled butcher’s scale, including an illus- 
tration complete with a pork chop, but that seemed far 
removed from the complex control systems with which we 
worked. 

Saying I would get back to him, I retreated to my office. 
Lunch hour was over, and I resumed work, still pondering 
Bob’s question. Finally in midafternoon, it hit me. I trot- 
ted into the lab. Bob was still there, still probing. “I know 
what you can do with the computer on the chip,” I told him. 
“A wP could simulate the circuit you are working on right 
here at the bench. You wouldn’t have to separate develop- 
ment and analysis. It could all be done right here!” I had 
seen the light. It seemed so obvious. Amused, Bob looked 
at me and said, “I’ll pass.” 

I don’t recall how long it was before I realized that sim- 
ulating the circuit was a side issue, that a ~P-based sys- 
tem would in a few years replace the circuit Bob had 
designed. Bob eventually realized it too and accepted it, as 
well, as analog attitude-control systems became things of 
the past. 

Moral: It is very difficult to predict what impact, if any, a 
new technology will have. We can remove the blinders we 
wear, firmly cemented in place by years of education and 
experience, only with great effort, even from those of us who 
are actively trying to do so. We can make well-thought-out, 
well-supported claims, but, like my p»P-as-a-simulator pre- 
diction, they often miss the real mark. 

We know Ps first largely replaced random logic and low- 
frequency analog circuits. Their real power soon became evi- 
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dent at the core of new, powerful user interfaces that were 
previously infeasible. And they are the basis for PCs and 
workstations—where they are often called on to perform 
simulations, Bob! Even a simple piece of electronic equip- 
ment now contains a pP, and complex equipment—cars, for 
example—have many. A decade ago that a product contained 
a wP and was, therefore, “computer- 
controlled,” was still a valid selling 
point. Today it’s ho-hum. 

Fuzzy logic has the potential to 
have the same impact on technology 
over the next two decades that the 
wP has had over the past two. Having 
observed how it successfully applies 
to disparate applications in dis- 
parate ways, I can see fuzziness 
creeping into much of what we as 
engineers do. It will become both a — 
design and an analysis tool in our 
tool bags and will positively affect 
many of our traditional tools, as well. 
In time, fuzzy logic will enable us to 
solve not only those problems that 
would be impossible to solve without 
it, but also those that we do not even 
see today. 

There are those who disagree. 
Fuzzy opponents say that a traditional, nonfuzzy-control 
approach would do just as well, if not better, in controlling 
the Japanese elevator in which Marsh rode. They also say 
there is nothing fuzzy logic can do that traditional tech- 
niques cannot do as well or better. Fuzzy proponents 
strongly disagree. There are intelligent, well-meaning 
individuals on both sides. There is also rhetoric—some- 
times entertaining and sometimes not—from both sides. 
While not wanting to appear aloof, I choose not to partici- 
pate in these debates; those who use the technology—not 
those who debate it—will ultimately decide the issue. 

I am delighted that EDN has given me the opportunity to 
write this column. My primary goal in doing so is to help 
those of you who are interested learn how to apply fuzzy logic 
in engineering solutions. At the advice of EDN editors, the 
next six or so columns will be tutorial. We will decide then 
which direction to take. 

By “we” I also include you, the readers. I welcome your 
comments, observations, and suggestions. EDN 


David Brubaker is president of Huntington 
Advanced Technologies, 883 Santa Cruz Avenue, 


Suite 31, Menlo Park, CA 94025-4608; or on the 
Internet at: brubaker@cup.portal.com. 
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The International Standards Organization’s 
9001 and 9002 ratings are two of the world’s 
most demanding measures for quality 
management. Not surprisingly, Belden is 
the first major designer and manufacturer 


of wire and cable products to achieve them. 


Belden has had strict quality programs in 
place, and has diligently put them to use, 
for some time. ISO registration of every one 
of our domestic and European facilities is 
just the latest step in Belden’s commit- 

ment to continuous quality improvement 


of our products and processes. 


Verification of our quality programs by a 
totally independent auditing firm puis 
Belden in a highly select group of compa- 
nies who are certified to have passed one 


of the world’s toughest quality appraisals. 


Being singled out for this prestigious regis- 
tration for quality management validates 


what we've long believed and practiced. 


It’s confirmation that everything we’re 


doing, we're doing right. 
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WHEN IBM" NEEDED IT, CYPRESS DELIVERED. 


—____ gp When IBM needed high-density cache SRAM modules for their ValuePoint™ 
PC series, Cypress heard them loud and clear. Cypress hit every one of IBM’s 
benchmark requirements, significantly increasing system performance. 
Cypress also came through with the high volumes IBM needed. All in 
an astonishingly short time: Less than 2 months from specs to deliveries 
in quantity. 
If you always thought Cypress just made incredibly fast parts, maybe it’s 
, time you looked at Cypress in a new way. Because 


we can help you make a lot of noise in the marketplace too. Callfor — = gt 
information and the Cypress Annual Report: 1-800-858-1810; Dept. C414. == 


*In Europe, fax your request to the above department at (32) 2-652-1504 or call (32) 2-652-0270. In Asia, fax to the above department at 1-415-940-4337. 
IBM is a registered trademark of the International Business Machines Corporation and ValuePoint is a trademark of the International Business Machines Corporation. 
© 1994 Cypress Semiconductor, 3901 North First Street, San Jose, California 95134. Telephone 1-408-943-2600. 


